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ABSTRACT 
The work in this thesis is concerned with cyclization reactions of coordinated 
primary phosphines. The complex (R* ,R*)-(+)-[l15-(C5H5) { 1,2-CJ¼(PMePh)2} Fe-
(PPhHi)] PF6 reacts with appropriate terminal dibromoalkanes in the presence of swtable 
bases to give the corresponding complexes of four-membered 1-phenylphosphetane, five-
membered 1-phenylphospholane, six-membered 1-phenylphosphorinane, and seven-
membered 1-phenylphosphepane. The complexes have been characterized by 1H, 
13C{ lH}, 31p( lH} NMR spectroscopy, FAB mass spectroscopy, and by elemental 
* * s n analyses. The complex (R ,R )-(+)-[Tl -(C5H5){ 1,2-C~4(PMePh)2}FeP(CH2))Ph] 
PF6·0.75(CJI6)·0.25(CHC13) was characterized by a single crystal X-ray structure 
analysis; the molecule crystallizes in the monoclinic space group P21/n with a= 22.491 
(14), b = 14.477 (14), c = 25.516 (17) A, ~ = 112.55 (5) 0 , V = 7673 (10) A 3, Z = 8, 
Dx = 1.533 Mg m-3, A(Mo Ka)= 0.71073 A,µ= 0.85 mm-1, F (000) = 3660, T = 148 
K, R = 0.087 for 3484 observed reflections. The complex contains two independent 
molecules in the unit cell; the two molecules show slight variations of bond lengths and 
bond angles in the 1-phenylphosphetane ring. The Fe-P bond in the 1-phenyl-
phosphetane complex (2.189 A) is longer than the corresponding bond in a similar 
complex of (+)-methylphenylphosphine, viz. 2.175 A. This is the first structural 
characteriz.ation of 1-phenylphosphetane, a compound that has not been isolated hitherto. 
An attempt to synthesise the 1-phenylphosphetane complex by intramolecular cycliz.ation 
of the corresponding (+)-allylphenylphosphine complex was unsuccessful. 
The tetrahedral complex [Cu{ 1,2-CJ¼(PH2)2}2]CF3SO3 was prepared by the 
reaction of [Cu(NCMe)4]CF3SO3 with 2 equivalents of 1,2-CJ¼(PHi)2 in acetonitrile, 
and isolated as colourless needles in ca. 86% yield. Methylation of this complex with 4 
equivalents of methyl iodide ~sence of KO B u-t in tetrahydrofuran afforded, after 
removal of copper with potassium cyanide (R* ,R*)-(+)- and (R* ,S*)-1,2-phenylene-
~ -
lV 
bis(methylphosphine) in a non-stereoselective reaction. Under similar conditions 
[Cu { 1,2-C~(PH2)2 }i]CF3SO3 reacted with clibromo-1,4-butane and dibromo-1 ,5-
pentane to give, after displacement from the metal, 1,2-phenylenebis(phospholane) and 
1,2-phenylenebis(phosphorinane), respectively. The reaction of the bis(primary 
phosphine)copper(D complex with dibromo-1,3-propane under similar conditions, 
however, gave a mixture of products, which appeared to have included the macrocyclic 
and cage diastereomers of a tetra(tertiary phosphine) derived from 1,2-phenylene-
bis(phosphetane ). Four other by-products of the dibromo-1,3-propane reaction were 
isolated, including (R* ,S*)-2,3,4,5-tetrahydro-1,5-bis(prop-1-enyl)-lH-1,5-
benzodiphosphepin, which was structurally characterized by a single crystal X-ray 
analysis of its nickel(Il) perchlorate derivative. The complex anti-
[Ni(C1 sH2oP2)2](ClO4)2CH2Cl2 crystallizes in the space group C2/c, a= 27.119 (3), b 
= 10.908 (1), c = 15.590 (2) A,~= 123.81 (1) 0 , V = 3831.8 A3,z = 4, Dx = 1.503 Mg 
m-3, A(Mo Ka)= 0.71069 A,µ= 0.999 mm-I, F (000) = 1792, T = 298 K, R = 0.047 
for 2826 observed reflections. The X-ray studies revealed square-planar coordination 
around the nickel(II) ion with the two molecules of (R* ,S*)-2,3,4,5-tetrahydro-1,5-
bis(prop-1-enyl)-lH-1,5-benzodiphosphepin coordinated to the metal in an anti 
arrangement 
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Format and Nomenclature 
Stereochemical Nomenclature 
~ ,·s 
The format o~esis is based upon the text and notation seen in current editions of 
Inorganic Chemistry. The stereochemical nomenclature used here is consistent with that 
recommended in the latest Chemical Abstracts Index GuuJe.122 A brief resume of the 
relevant principles is outlined below: 
(i) The assignment of absolute terms ( descriptor) R and S is consistent with the 
sequence rule of Cahn, Ingold, and Prelog.123 
(ii) The symbol R* ands* are relative descriptor, the lowest numbered (first cited, 
highest priority) asymmetric centre is arbitrarily assigned an R* descriptor. 
(iii) The descriptors are used to express the total stereochemical information for a 
chemical substance. The stereochemical descriptor appears in square-brackets 
before the systemic name or formula of the substance. When only one chiral 
element is present, the absolute descriptor R or S is used to define absolute 
configuration of the molecule. When two or more chiral elements are present, the 
reference centre that has the highest ranking according to the sequence rule is 
assigned an R* ors* descriptor. When the absolute streochemistry is described, 
the sign of rotation, ( + ), (-), or ( +) are omitted. For substances having more than 
one asymmetric centre, the sign of rotation is cited together with relative 
descriptor. 
(iv) The absolute descriptor is cited first, followed by the relative descriptor, if any, in 
parenthesis. The entire descriptor is then bracketed. For example, a molecule 
containing two chiral centres of the same helicity, say R, the stereochemical 
descriptors preceding the systematic name or formula of the substance and the 
optical information will appear as [R-(R* ,R*)-(+), [R-(R*, R*)]-(-). 
X 
Nomenclature of Cyclic Phosphorus Compounds 
The nomenclature of cyclic phosphorus compounds in the text is consistent with that 
adopted by Quin86 and Mann.90 Tetra(tertiary phosphine) macrocycle has been named 
according to a ring system given in Chemical Abstracts Ring Systems Handbook.124 
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CHAPTER ONE 
INTRODUCTION 
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1.1 General 
Phosphorus chemistry was once confined to the preparation of materials of 
commercial interest, such as insecticides, pesticides, flame retardants, and detergents. 
Since the introduction of 3lp NMR spectroscopy in late 1960's, however, the 
chemistry of phosphorus has undergone a period of renaissance with significant 
developments in both fundamental and applied aspects of the subject.1,2 Not only 
have the values of such compounds been recognised for a variety of industrial, 
biological, and chemical uses, but tertiary phosphines in particular have been 
instrumental in the development of certain aspects of asymmetric synthesis and 
catalysis involving metal ions.3-5 
A perusal of the literature reveals extensive studies on the synthesis and 
characterization of acyclic poly(tertiary phosphines), but relatively few studies of 
cyclic and macrocyclic compounds of this type have appeared; the latter could serve 
as powerful and potentially stereospecific chelating agents for "soft" and 
synthetically important metal ions like palladium(Il) and rhodium(I).6 The reason for 
this situation can be attributed to the relative difficulty of synthesising, handling, and 
isolating phosphorus-containing macrocycles, which are often obtained as mixtures 
of air-sensitive diastereomers when more than one pyramidally stable tertiary 
phosphorus stereocentre is present <Einv ca. 130 kJ mol-1 ).7-9 Moreover, the 
synthesis of such compounds often involves the use of low molecular weight primary 
and secondary phosphines that are toxic, obnoxious, and pyrophoric.10 Apart from 
metal ion specificities that might be exhibited by poly(tertiary phosphine) 
macrocycles, the availability of stable and stereochemical defined chelates is important 
to the study of discrimination between enantiomers and other phenomena that bear on 
the development of metal-based auxiliaries for asymmetric synthesis. 
To date, there have been two basic strategies open to the synthesis of cyclic 
poly(tertiary phosphines). Both are intended to inhibit competitive polymerizations 
that are prone to occur between the terminal donor and the acceptor sites of 
appropriate acyclic precursors. One strategy involves the use of a metal ion to hold 
,j -
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the reacting centres in a suitable orientation for cyclization; this is the so-called metal-
template approach_ I I Nickel(m, palladium(II), platinum(m, and molybdenum(O) 
have been used for the syntheses of phosphorus macrocycles. The second strategy 
involves the direct interaction of acyclic precursors under high-dilution conditions. I2 
The template approach usually provides the best yields, however. Since the work 
embodied in this thesis deals with cyclization reactions of coordinated primary 
phosphines leading to cyclic tertiary phosphines, the following topics will be 
reviewed briefly: (a), reactions of coordinated primary phosphines; (b), metal-
template syntheses of phosphorus macrocycles; and (c), non-template syntheses of 
phosphorus macrocycles. 
1.2 Reactions of Coordinated Primary and Secondary Phosphines 
In 1960, Issleib and coworkers reported the yellow complex 
[PdCl(PPh2)(PPh2H)]2 as the product of the reaction between palladium(ID chloride 
and diphenylphosphine. I3 The complex was subsequently identified as a phosphido-
bridged dimer,14-15 and since then a wide range of µ-PR2 bridged compounds have 
been prepared.16-18 A survey of the literature shows that numerous studies have been 
carried out on transition metal complexes of primary and secondary phosphines. I9-37 
The deprotonation of a coordinated primary or secondary phosphine leads to 
phosphido-metal species (A or B) that can act as a bridging group, as depicted by (C) 
(Scheme n. 
Scheme I 
,,, R 
,, 
L,,M :.:..:: p" 
R 
A B C 
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It is important to note that a terminal phosphido metal group in a complex of 
the type LnMPR2 can be pyramidal (A, Scheme I), with a long M-P bond and a small 
M-P-R bond angle (approx. 114°), or planar (B, Scheme n, with a short M-P bond 
and a large M-P-R bond angle (approx. 1300). Depending upon substituents, the 
MPR2 group can be nucleophilic or electrophilic. A rare example of the amphoteric 
behaviour of an MPR2 group has been provided by the complex 
[(Ph3P)2(C0)2ClOs(PHPh)], which reacts with both nucleophiles (OMe-) and 
electrophiles (H+ or Me+) to give substituted phosphine complexes.28 Previous 
studies in our group have focussed upon the highly stereoselective nature of 
syntheses of coordinated secondary and tertiary phosphines with use of the primary 
phosphine complex (R* ,R*)-(±)-[ (T\5-C5H5){ 1,2-CJI4(PMePh)2} Fe(PH2Ph)} ]PF6 
as the starting materiaI.43 
The double deprotonation of a coordinated primary phosphine yields 
phosphido species that can coordinate to one or more metal atoms in a variety of 
ways, as shown in Scheme II. 
Scheme II 
, 
IM~-= ~ = P-R 
'-rtM - p 
'A 
R 
I p 
/1"'-
'-rtM · ---. ----M'-rt 
... M , .. , 
.. ·' 
'-rt 
Examples of each type of structure are known; the complexes are known as 
phosphinidene complexes. 38-42 
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1.3 Metal-Template Syntheses of Macrocycles Containining 
Phosphorus Donors 
The synthesis of a number of N2S2 macrocycles was accomplished in 1964 
by Busch and Thompson44 with use of an appropriate nickel(II) complex as the 
template. Since then numerous metal template syntheses have been performed. 45 
Using the strategy of Busch and Thompson, Marty and Schwarzenbach,46 reported 
the synthesis of the macrocyclic bis(tertiary phosphine) complex 1, as shown in 
Scheme III. 
Scheme III 
'?'I Br~ 
Br ~ 
Br 
Ph.,._ r~ 
--11•~ c:7t<=c B( 
Phi\__/ 
1 
DelDonno and Rosen47 reported subsequently the synthesis of the 
tetra(tertiary phosphine) macrocycle 2, the first example of a template reaction 
involving phosphorus as the active site. The synthesis involved three steps: (a), the 
complexation of an acyclic tetraphosphine containing terminal secondary phosphine 
groups with [Ni(H20)61Cl2; (b), the generation of a cis-disposed pair of secondary 
phosphido-nickel groups in the intermediate with base, and the subsequent alkylation 
of these with a.,a' -dibromo-1,2-xylene; and ( c ), the liberation of the macrocyclic 
product from the final complex with sodium cyanide. The synthesis is outlined in 
Scheme N. 
Scheme IV 
2.~Br 
~Br 
- 6 -
NaCN 
2 
Although the authors commented on the powerful complexing ability of 2 
towards the nickel(Il) ion, they did not mention diastereomerism in the ligand due to 
the four asymmetric tertiary phosphorus stereocentres present 
Norman et al.48a have reported the synthesis of the macrocyclic tris(secondary 
phosphine) complex 3. The synthesis involved radical-initiated anti-Markovnikov 
-
P-H additions across the carbon-carbon double bonds of neighbouring allyl groups in 
a novel metal-template process, as shown in Scheme V. 
- 7 -
Scheme V 
AIBN 
... 
toluene,~ 
The X-ray crystal structure of complex 3 has been reported recently.48b 
Stelzer and coworkers 27,49 have reported the synthesis of the 14-membered 
macrocyclic complex 4 by template-controlled ring closure reactions involving 
[M {HMeP(CH2)0 PMeH}2]X2 (M = Ni(m, Pd(II); n = 2, 3; X = Cl, Br) in the 
presence of dialdehydes and diketones of the type RC(O)(CH2)0 C(O)R (n = 0, 1; R = 
H, Me), as shown in Scheme VI. 
Scheme VI 
((CH2)n.2) 
RC CR 
+ II II 
0 0 
EtOH 
... 
60 - 70 °C 
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Four new asymmetric carbon stereocentres are generated in the synthesis of 4, 
in addition to the four asymmetric phosphorus stereocentres present originally. When 
R = Me, however, high diastereoselectivities were observed in the reaction, and the 
two major diastereomers of 4 were characterized by X-ray crystallography. In a 
similar vein, the synthesis of 16-membered S was achieved as shown in 
Scheme VII. 50 
Scheme VII 
2()C 
• 
KCN 
• 80-90°C 
5 
One diastereomer of S was characterized by X-ray crystallography. 
Using a somewhat different strategy, the synthesis of the related fourteen- and 
sixteen-membered macrocycles 6 have been described,51 as outlined in Scheme Vill. 
-- 9 -
Scheme VIII 
• 
• 
6 
M = Ni(m, Pd(In, Pt(II), Zn(II); R = Me, H; 
X = Cl, Br; m, n = 2 or 3 
. The ring closures were effected by hydrolyzing the dioxolane groups with 
acid, which generated ketones and aldehydes that reacted with the coordinated 
secondary phosphines in the intermediate to give the macrocyclic complexes 6. It was 
not found possible to liberate the free ligands from the metals, even under forcing 
conditions. 
Stelzer and coworkers52 have also prepared the nickel complex 7 in almost 
quantitative yield by the cyclization of the appropriate bis(secondary phosphine) with 
divinylphosphine on nickel(II). The synthesis is outlined in Scheme IX. 
- 10 -
Scheme IX 
NEt2 
I 
E~-P/ 
~p~ 
H"- Br2 /H H t, r H 
'= Me/Ct:)Me ... B( 
I I 
Ph Ph 
NEt2 NEt2 
I I \i~ Br" 1. KCN 1rn PFs-2. NH4PFs Me-c1~Me ... Me-P~Ni+/ p -Me Ct0 t t 
7 8 
Attempts to liberate the free macrocyclic ligand from 7 with cyanide, 
however, led to the very stable cyano complex 8. 
1.4 · Non-Template Syntheses of Macrocycles Containing Phosphorus 
Donors 
The first 16- and 20-membered macrocyclic ring systems containing four 
phosphorus atoms, 9 - 14, were reported by Homer and his coworkers in 1975.53 
The syntheses involved reactions of a,co-bis(phosphino)alkanes with a,co-
dihaloalkanes, or of a,co-dihaloalkylbis(phosphonium) salts with appropriate 
bis( tertiary phosphines). 
- 11 -
n 
9 3 
10 3 
11 3 
12 4 
1 3 4 
14 4 
.E 
P+PhBzl 
O-PPh 
PPh 
p•az2 
O-PBz 
PBz 
In a later publication, Horner et al. described the synthesis of macrocycles 11 
and 14 by reduction of the salts 9 and 12 with lithium aluminium hydride.54 No 
attempt was made to isolate the individual diastereomers of the macrocycles. 
Kyba and coworkers have developed high-dilution syntheses of macrocyclic 
ligands containing phosphorus donor atoms. In their first publication, syntheses of 
16 and 17 were reported.55 The strategy adopted by them is outlined in Scheme X. 
Scheme X 
n_rfPh Ph"l-,n_rfPh (XPPhli Cl PX) ccp PX) 
,I ... ,I 
PPhli + Cl # p p p u"l-,Ph Ph_f u"l-,Ph 
1 5 
1 6 
n Ph"l-,n CCPPhli Cl SX) ccp SX) 
PPhli + 
,I .. ,I 
Cl # s p s 
15 u Ph_fu 
17 
The possible diastereomers of 16 and 17 are depicted in Figure 1. 
- 12 -
<~) (R*,s*,s* ,R*)-16 
Ph,n/Ph 
(Xp PX) ~ I 
p P. 
,.. ,~ 
··u·, Ph,, "'Ph 
(y) <R* ,R*,s* ,s*)-16 
(R*,S*)-17 
Figure 1. Diastereomers of macrocycles 16 and 17. * One enantiomer 
depicted. 
- 13 -
It was interesting to note that of the five possible diastereomers of 16, the 
major one diastereomer was isolated in 22% yield after crystallization of the crude 
product; in later work, the a and ~ diastereomers of the macrocycle were isolated and 
characterized.12,56 Both diastereomers could be interconverted by heating and 
subsequent cooling due to second-order asymmetric transfonnations.57 Because the 
major diastereomer of 16 and 17 possesses the R* ,s* relative absolute configuration 
of the 1,2-phenylenebis(alkylphenylphosphino )groups, the stereoselectivity in each 
-tJiJz, 
case was attributed to)structure of the dilithio species 15, which has the R* ,s• 
structure.58,6l 
Using high-dilution techniques Kyba et al. have also synthesised, in 20 - 50% 
yields, the 14-membered quadridentate macrocycles 18-21.12,59 
Y.. 
18 AsMe 
19 S 
20 0 
21 NMe 
Subsequent work indicated that the heteroatoms Y did not coordinate to metal-
ions as expected; instead 18 - 21 gave bis(bidentate) complexes with coordination 
through phosphorus only, as exemplified by the complexes [FeCl2(19)i.] and 
[CoC12(20)iJ.59,60 Ligands 22 and 23, however, gave fully chelated complexes 
because of favourable geometrical considerations. 59 
Ph'¾.n/Ph 
CC p p~ N s s 
u 
Ph.,,__n 
CCP s~ N s p 
u'1...,Ph 
22 23 
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The synthetic strategies adopted for the synthesis of 22 are summarized in 
Schemes Xla and Xlb. 
Scheme Xia 
C( PHPh I 
SH 
24 
1. 2 n-Buli 
2. a a 
u 
... 
Ph~n/Ph 
CC p PX) SH HS '- I 
Ph,n .. ,,,~Ph 
2 KH 
.. 
MsO OMs 
u CC
p PX) 
,I 
s s 
+ 
Scheme Xlb 
C( PHPh I 
SH 
1. 2 n-Buli 
... 
2. MsO OMs 
u 
u 
(R* ,R*)-(+)-22 
34% 
KOH/EtOH 
... 
Br Br 
u 
(R* ,R*)-(+)-22 
13% 
+ 
(R*,S*)-22 
4% 
(R*,S*)-22 
2% 
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Strategy Xla relied upon the much greater nucleophilicity of the phosphide 
anion compared to the thiolate anion, which resulted in preferential alkylation at 
phosphorus. The acyclic precursor was then converted into the potassium salt, 
which, upon treatment with 1,3-propanediolbis(methanesulphonate), yielded 
(R* ,R*)-(+)-22 and (R* ,S*)-22 as a diastereomeric mixture. Both diastereomers 
were separated by column chromatography and the major product, (R* ,R*)(+)-22, 
was characterized by an X-ray crystal structure determination.59 The alternative route 
involving alkylation of the thiolato anion resulted in a lower yield of the product 
(Scheme Xlb). For the synthesis of macrocycles 23, a lengthy and more elaborate 
strategy was required, as indicated in Scheme XII. 
Scheme XII 
24 
24 
... 
26 
1. n-Buli 
------... ~ C(PHPh 
s 2. Br Cl 
25 l_OMe u 
n-BuSNa 
... 
DMF,A 
Ph'-1.,n 
C(P Cl ~ 
s 
l_OMe 
KOH/EtOH 
Br a 
u 
... 
(R* ,R*)-(+)-23 
30% 
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S HP 
a 
27 
+ 
Ph 
LDA 
(R* ,S*)-23 
5% 
lltt. 
... 
The most important points of the above synthesis were_lfollowing: (a), the 
selective protection of the thiolate group over the phosphide group in 24 with the use 
of chloromethoxymethane to give 25; (b ), the deprotection of the sulphur atom in 26 
by treatment with n-BuSNa in hot DMF; an~ (c), the cyclization of the relatively 
unstable intennediate 27 by a mcxlified high-dilution method that yielded (R* ,R*)-
(+)-23 and (R* ,S*)-23 in the ratio 6 : 1. A single crystal X-ray structure analysis of 
[Pt(R* ,R*)-23} ](PF6)2 revealed that all four donor atoms were coordinated to the 
metal with almost equal Pt-P and Pt-S bond distances. Kyba et al. have also 
synthesised a number of 11-membered tridentate macrocycles containing various 
combinations of oxygen, nitrogen, sulphur, arsenic, and phosphorus donor 
atoms. 58,60-63 The coordination chemistry of these ligands with transition metals has 
been studied in some detail. 64-67 
- 17 -
Ciampolini and coworkers have synthesised a family of sexidentate 
macrocycles, 28-31, containing four phosphorus donors, and pairs of sulphur, 
nitrogen, or oxygen donors.68-79 These macrocycles were obtained by relatively 
straightforward "one-pot" syntheses, as shown in Scheme XIII, with yields of ca. 
15%. 
Scheme XIII 
Ph 
Ph 
Pli 
Pli 
Ph 
+ 
~ ((CH2k) ((CH2k) / Ph 
p X p 
. p X p 
Ph/ \_(CH2)n_j\_(CH2)~ ~Ph 
... 
X n 
28 0 2 
29 s 2 
30 NPr-i 2 
31 0 3 
Again, because these macrocycles contain four phosphorus stereocentres, five 
diastereomeric forms of each macrocycle exist (Figure 2). All five fonns of 28 and 
29 have been isolated by fractional crystallization or ion-exchange chromatography of 
various metal derivatives. It is noteworthy that octahedral complexes of fully 
coordinated 28 - 31 contain seven chiral stereocentres, including the metal. 
·-
- 18 -
Figure 2. The five diastereomers of 28 - 30. t One enantiomer depicted. 
·-
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In 1986, Lippard and coworkers80 reported the synthesis and resolution of 
the R* ,R* diastereomer of 32 by "hand-picking" enantiomorphic crystals. The 
synthesis is summarized in Scheme XIV. 
Scheme XIV 
Ph 
CPH PH 
Ph 
LHDS 
high-dilution 
6 NaNp / 3 t-BuOH 
DME 
... 
.. 
Ts 
Cl~o/"-.../N~ 
+ NTs 
c1/"-.../
0
~N0 
Ts 
Ts 
Ph~ r-\ N cp O___/ ~NTs 
Ph .sS\ _ _/0 ~ N ~ 
Ts 
32 
The R* ,R*and R* ,s• forms of 32 were separated by fractional crystallization 
of their complexes with [Ni(H2O)61Cl2. Recently, the 16-membered macrocyclic 
tetraphosphonium salts 33 and 34 were synthesised in "one-pot" reactions.81 It was 
interesting to note that base hydrolyses of the two macrocycles yielded quite different 
products in regioselective reactions, as indicated in Scheme XV. 
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Scheme XV 
Cl 
4Cr 
toluene 
+ 
... 
4Cr 
33 
Raney Ni / MeOH 
55 Bar 
NaOH/EtOH 
33 .. 
Ph2P~ PPh2 
NaOH/EtOH 
34 .. 0 + 0 
II II 
Ph2p~PPh2 
·-
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1.5 Aim of Present Work 
The alkylation of an appropriate coordinated primary or secondary phosphine 
with bridging reagents is a potentially attractive new route for the synthesis of rings 
containing phosphorus donors. Previous work in our group43 has established that 
secondary and tertiary phosphido groups in chiral (115-cyclopentadienyl)bis(tertiary 
phosphine)iron(II) complexes can be alkylated with high stereoselectivities to give 
non-cyclic secondary and tertiary phosphine complexes. The aim of the present work 
was to extend the existing knowledge in this area and to build-up rings at phosphorus 
along similar lines, and to fully characterize the metal complexes thus formed 
Another aspect of the present work was to attempt to synthesize a tetrahedral 
tetra(tertiary phosphine) macrocycle on copper(n by appropriate alkylations of 1,2-
phenylenebis(phosphine) with terminal dihaloalkanes. Thus, the overall aim of the 
present work was to investigate the potential of coordinated primary phosphine 
complexes as precursors of cyclic tertiary phosphines. 
-CHAPTER 1WO 
SYNTHESIS AND CHARACl'ERIZA TION OF 
1-PHENYL-PHOSPHET ANE, -PHOSPHOLANE, 
-PHOSPHORINANE, AND -PHOSPHEP ANE 
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2.1 Introduction 
Although the chemistry of five- and six-membered rings contfill1.ing phosphorus 
has been studied extensively, the chemistry of three- and four-membered rings containing 
phosphorus is relatively unexplored. To date, there is only one general method available 
for the synthesis of saturated four-membered phosphetanes; this involves the addition of 
RPCl2f'AlCl3 complexes to highly substituted acyclic alkenes.82 Baxter and coworkers83 
have reported the synthesis of a number of saturated phosphetanes by an approach which 
involves the insertion of phosphenium ions into cyclopropanes. Both methods, however, 
use the RPC12f'A1Cl3 mixture and yield phosphetanes with phosphorus in the plus five 
oxidation state. In 1977, the synthesis of 1-phenylarsetane, A (E = As), was described84 
and this appears to be the only report to-date of the synthesis of a four-membered arsenic-
containing ring. To the best of our knowledge, the synthesis of unsubstituted 1-phenyl-
phosphetane, A (E = P), has not been reported hitherto. We were interested in the 
synthesis of unsubstituted phosphetanes, because, owing to ring strain, these could serve 
as precursors of poly(tertiary phosphines) and related compounds by ring opening 
reactions. Recently, syntheses of certain unsaturated four-membered 1,2-dihydro-
phosphetes have been described.85 There is a comprehensive literature on the NMR 
spectroscopy, stereochernistry, and conformational aspects of heterocyclic phosphorus 
compounds.86-9I We describe here the metal-template synthesis of four-, five-, six- and 
seven-membered phosphorus-containing rings, and their coordination chemistry. 
Ph-E() 
(A) 
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2. 2 General Strategy of Synthesis 
The synthetic strategy adopted involved the alkylation of coordinated 
phenylphosphine in the complex (R* ,R*)-(+)-[('r15-C5H5) { 1,2-
C6J-4(PMePh)2} Fe(PH2Ph)]PF6 with appropriate terminal dihaloalkanes, as shown in 
Scheme XVI. 
Scheme XVI 
Ph ~PF-
' 
Fe+ 6 
,,, ' ...... H 
Me---·P ,, p ·~H 
P_~Me I 
...... Ph Ph 
Br(CH~Br 
2 KOBu-t 
Ph ~PF -
' ,,'Fe' (\ 
Me---·P' ' P (CHvn 
P.~Me I\..J 
...... Ph Ph 
(n = 3, 4, 5 or 6) 
2. 3 Results and Discussion 
2.3.1 Synthesis of (R* ,R*)-(+)-1,2-Phenylenebis(methylphenyl-
phosphine) 
The ligand (R* ,R*)-(+)-1,2-phenylenebis(methylphenylphosphine ), (R* ,R*)-(+)-
diphos, was synthesised and characterized by the method of Roberts and Wild. 92 Thus, 
the reaction of 1,2-dichlorobenzene with 2 equivalents of sodium methylphenyl-
phosphide in tetrahydrofuran afforded an equimolar mixture of the diastereomeric 
bis(tertiary phosphines) (R* ,R*)-(+)-diphos and (R* ,S*)-diphos in 88% yield as a 
viscous oil, bp 190 - 200 °C (0.1 mmHg) (Scheme xvm. Most of the (R* ,R*)-(+)-
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diphos crystallized out from a solution of the mixture in hot methanol as colourless 
prisms, mp 94 - 95 °c. 
Scheme XVII 
Me,R_,,,Ph P,_ 
R /: 
p 
Ph~ · ...... Me 
4 
a 
Cl 
Ph ...... ~_; Me 
p 
:/ ' 
: "s p 
Me,,,· ~Ph 
(R* ,R*)-(+)-diphos 
+ 8 Na[PMePh] 
+ 2 
(R* ,S*)-diphos 
2.3.2 Synthesis and Characterization of (R*,R*)-(+)-(115-Cyclo-
pentadienyl)[l,2-phenylenebis(methylphenylphosphine)] 
(phenylphosphine)iron(II) Hexafluorophosphate 
(R* ,R*)-36 
This compound was synthesised and characterized by the published method.43 
The synthesis is outlined in Scheme XVill. 
Scheme XVIII 
Ph ~PF. 
' 
Fe 6 
,,' ' Me---· P, ' NCMe 
p:....&Me 
... 
.. 
"Ph 
+ 
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(R* ,R*)-(+)-diphos 
(i) MeCN /UV 
.. 
... 
MeOH 
Ph ~PFs-
' ,,' Fe ' .,,,H 
Me---·p, ' Me pl ~H 
p_:....& 
~ ...... Ph Ph 
The brick-red compound (R* ,R*)-(+)-[(115-C5H5) { 1,2-
C~4(PMePh)2} Fe(NCMe)]PF6, (R* ,R*)-35, was isolated in ca. 94% yield as an air-
stable solid by the UV radiation of a mixture of [(,i5-C5H5)Fe(CO)2Br] and (R* ,R*)-(+)-
1,2-C6I-4(PMePh)2 in acetonitrile, after conversion of the intermediate bromide salt into 
the corresponding hexafluorophosphate salt with aqueous Nl-4PF6. The primary 
phosph_ine complex (R* ,R*)-36 was obtained as air-stable needles in 90% yield from the 
reaction of (R* ,R*)-35 with phenylphosphine in boiling methanol. The 1H NMR 
spectrum of (R* ,R*)-36 in CD2Cl2 at 20 °C contains a pair of bis(tertiary phosphine) 
PMe resonances at o 2.22 and 2.26 (2JpH = 8.3 Hz and 7.6 Hz, respectively). The 
diastereotopic PH protons of the coordinated primary phosphine appear as a pair of 
doublet of multiplets at o 4.65 and 5.40 (1JpH = 344.0 Hz). The cyclopentadienyl 
protons resonate at o 4.22 (q, 3JPH = 1.70 Hz), and the 31P{ 1H} NMR spectrum of the 
complex in CD2Cl2 at 20 oC consists of a typical ABX multiplet due to the coupling 
between the three non-equivalent phosphorus nuclei. The 3lp{ lH} NMR data are 
summarized in Table I. 
' 
1 
Table I. Selected 3lp( lH} NMR Spectroscopic Data for the Complexes 36 - 41 at 20 °c in CD2CI2. 
Chemical Shifts (ppm) Coupling Constants (Hz) 
Complex OPA 0Pa oPx 2JAB 2JAX 2Jax 
(R• ,R•)-36 I 80.90 83.10 -4.50 I 43.60 58.80 55.40 I N -.l 
(R* ,R•)-37 I 79.70 80.73 99.47 I 44.23 50.70 49.18 
(R* ,R*)-38 I 79.56 79.72 65.34 I 44.93 56.18 47.02 
(R* ,R*)-39 I 78.83 77.67 37.80 I 43.50 55.00 52.12 
(R* ,R*)-40 I 78.75 78.10 51.20 I 42.86 54.76 49.86 
(R* ,R*),(R*)-41 I 83.22 80.01 56.60 I 43.10 54.17 51.96 
(R* ,R*),(S*)-41 I 82.99 81.52 55.06 I 43.17 53.08 51.94 
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2.3.3 Synthesis and Characterization of (R*,R*)-(+)-(115-Cyclo-
pentadienyl)[l,2-phenylenebis(methylphenylphosphine)] 
(1-phenylphosphetane)iron(II) Hexafluorophosphate 
(R * ,R *)-37 
The reaction of (R* ,R*)-36 with 2 equivalents of 1,8-diazabicyclo[5.4.0]undec-7-
ene (DBU) and 1 equivalent of dibromo-1,3-propane in tetrahydrofuran at 20 °c, 
followed by work-up and purification, gave (R* ,R*)-37 as fine yellow needles in ca. 
85% yield (Scheme XIX). 
Scheme XIX 
Ph ~PFs· 
' ,,'Fe' .. ,,H 
Me---·p' ' Me pl·~H 
p~ 
1/ '.;:;: ·,,'Ph Ph 
__..-::: 
... 
2DBU 
' The 1H NMR spectrum of (R* ,R*)-37 in CD2Cl2 at 20 °C shows a pair of 
doublets at o 2.09 and 2.43 (2JPH = 8.19 Hz and 8.79 Hz, respectively) due to the 
methyl protons of the chelating bis(tertiary phosphine). The resonances of the four-
membered ring protons appear as overlapping multiplets between o 0.85 - 2.40. The six 
methylene protons of the phosphetane ring are diastereotopic and coupled to the three 
non-equivalent phosphorus nuclei. The cyclopentadienyl protons appear at o 4.06 (q, 
3JpH = 1.80 Hz) and confirms the presence of a single compound. The manifold of 
resonances between o 6.70 - 8.00 and integrating for nineteen protons have been 
assigned to the protons of the aromatic groups. 
·-
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The 13C{ 1H} NMR spectrum of (R* ,R*)-37 in CDC13 at 20 °c contains a pair of 
doublet of doublets centred at o 17 .94 (lJPC = 24.48 Hz, 4JPC = 4.30 Hz) and 24.43 
(1JPC = 28.66 Hz, 4JPC = 2.11 Hz) for the methyl carbons of the chelating bis(tertiary 
phosphine) (Figure 3). The three resonances in the aliphatic region at o 23.36 (d, 2JPC = 
18.48 Hz, C2), 25.79 (d, 1JPC = 31.91 Hz, C1), and 28.56 (d, 1JPC = 34.02 Hz, C3) 
were assigned to the aliphatic carbons of the four-membered ring as indicated, based 
upon the magnitude of phosphorus-carbon coupling constants. The assignn1ents for the 
diastereotopic carbon atoms C 1 and C3 are uncertain. 
M+ \ .. ,,''~ p\3 2 
Ph 
It is noteworthy that free 1-phenylphosphetane has not been isolated because of 
spontaneous polymerization into poly[(P-phenyl)propylenephosphine].93 Thus, there are 
no 13C{1H} NMR data for 1-phenylphosphetane, but the 
l-phenyl-2,2-dimethylphosphetane86 are given below: 
Me Me 
""' ,~ 35.0 ,,, '3 ,, 
p .• 2 37.7 
11.3 
Ph 
o l 3C values for stable 
Again, it is not appropriate to compare these data with those for 1-phenyl-
phosphetane in (R* ,R*)-37, because, in the free substituted phosphetane, the methyl 
groups on the ring exert a pronounced effect on the chemical shifts of C1 and C3. Thus, 
the 13C{ lH} NMR data assignments for (R* ,R*)-37 are tentative. The cyclopentadienyl 
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Figure 3. 13C { 1 H) NMR spectrum of (R*, R*)-37 in CDCl3 : (a), complete 
spectrum; (b ), expanded aliphatic region. 
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carbons (R* ,R*)-37 appear at o 80.87 (s), while the aromatic carbon nuclei of the 
bis(tertiary phosphine) resonate in the range o 128. 00 - 145.48. 
The 3 l P { 1 H} NMR spectrum of (R* ,R*)-37 in CD2Cl2 at 20 oC consists of an 
ABX multiplet with OP A= 79.70, PB = 80.73, and Px = 99.47 ( 121 ABI = 44.23 Hz, 
12 J AXI = 50. 70 Hz, and 12 J Bxl = 49 .18 Hz ). The observed and the simulated 31 P { I H} 
NMR spectra of (R* ,R*)-37 are depicted in Figure 4a and Figure 4b, respectively. The 
most interesting aspect of the spectrum is the downfield shift of the resonance of Px of 
the four-membered ring, compared to the values for PA and PB of the chelating 
bis(tertiary phosphine). In complexes containing larger rings (Table I), the Px resonance 
always occurs upfield compared to the PA and PB resonances. Thus, the downfield 
chemical shift of the phosphorus nucleus Px in 1-phenylphosphetane is anomalous, but is 
not unexpected in view of the large influence of ring size on o 3 l P values. The o 3 l P 
value for free 1-phenylphosphetane is not known, but values for related methylsubstituted 
1-phenylphosphetanes86 are given below: 
Me Me 
. 
""' p Me 
Ph Ph 
o31 P + 4.4 o31 P + 3.3 
Although (R* ,R*)-37 was characterized by lH, 13C{ lH} and 3lp( lH} NMR 
spectroscopy, and elemental analysis, the possibility of the dimeric structure shown 
below could not be ruled out: 
- 32 -
~ w lJ" ~ II( \.ti- \..i.yk ~ , . fn rr 
- • ~ 
1iI l\ 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I ' I I I I I I 
100 98 82 80 ppm 
Figure 4a. Observed 3lp( lH} NMR specrrum of (R*, R*)-37 in CD2Cl2 at 20 °C. 
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Figure 4b. Simulated 3lp( 1H} NMR spectrum of (R*, R*)-37. 
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'The FAB mass spectrum of (R* ,R*)-37 (Figure 5) in a matrix of 3-nitrobenzyl 
alcohol (NBA), however, exihibited a peak at 693.0 a.m.u., which corresponds to the 
'1h.e- ½t\..se. P~a.-R tM- 443.oa.m.) ~ d.u<l~ 
calculateq value of mle for the [M]+ ion of the monomer ( t 93.4 a.m.u.). In order to 
-U1e au.,<.1/,a'"~ ( ~~.w)- [ (!)f-('5ll5) Fe f '>2-(i,U4 {PNe_t·~ )2jJ! 
gather definitive information regarding interatomic bond angles and bond distances of the 
1-phenylphosphetane, a single X-ray crystal structure analysis of (R* ,R*)-37 was 
undertaken. 
2.3.4 X-Ray Crystal Structure Analysis of (R* ,.R*)-(+)-(115-
C y c Io pen tad i en y I) [ 1, 2-p hen y le n e bis (me thy Ip hen y 1-
p hosp hi ne)] (1-phenylphosphetane)iron(II) Hexafluoro-
phosphate [(R* ,R*)-37-0. 75(C6H6)·0.25(CHCl3)] 
The complex (R* ,R*)-37 was difficult to crystallize in a form suitable for X-ray 
crystallography. Although long yellow needles of the complex could be grown from 
dichloromethane-petroleum ether solutions, the crystals obtained tended to lose solvent of 
crystallization upon exposure to the atmosphere. After many attempts, however, dark 
brown crystals of (R* ,R*)-37 suitable for X-ray crystal structure analysis were obtained 
by the slow evaporation of solvents from a solution of the complex in a chloroform-
e<e.-.,.e...-m I,; t:t,-h.t>'1 
benzene mixture. The 5./ru c,i" ure. j ,of the complex was carried out by Dr A. 
C. Willis of the Research School of Chemistry. The crystals belonged to the monoclinic 
space group P21/n. The crystal structure showed the presence of two independent 
molecules in the unit cell of (R* ,R*)-37. ORTEP diagrams of the two molecules in the 
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Figure 5. F AB mass spectrum of (R*, R*)-31 in an NBA matrix. 
-
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unit cell with their respective atomic numbering schemes are presented in Figure 6 
(molecule A) and Figure 7 (molecule B). The numbering system for molecule Bis the 
same as for molecule A except that the first digit is a 2 in the case of molecule B. 
lnteratomic lx>nd lengths and angles for molecules A and B are listed in Table II and 
Table ill, respectively. The Fe-P and Fe-C bond lengths were found to be close to the 
published values for the same bonds in a similar complex.43 The two molecules A and B 
show a slight variation in the bond lengths of the phosphetane ring. The endocyclic 
angles at phosphorus of the phosphetane rings in the molecule A and B are 77 .6° and 
77.00, respectively. 
2.3.5 Synthesis and Characterization of (R*,R*)-(+)-(115-Cyclo-
pentadieny I) [1,2-p heny lene bis( methy I pheny Ip hosphine)] 
(1-p heny I phospholane) iron(II) Hexafl uoroph osp hate 
(R * ,R*)-38 
Complex (R* ,R*)-38 was synthesised in 83% yield by the reaction of (R* ,R*)-36 
with dibromo-1,4-butane in the presence of KOBu-t in tetrahydrofuran. The synthesis is 
outlined in Scheme XX. The phospholane complex (R* ,R*)-38 crystallizes as orange 
needles, mp 218 - 220 oC. 
Scheme XX 
Ph ~Pfs-
' 
Fe , '-. ,,,H_ 
lf ,, ' ,"-.. ·" rv,e---· p, Me pl ~ H 
p~ 
· ...... Ph Ph 
2 KOBu-t 
... 
The 1 H NMR spectrum of (R* ,R*)-38 in CD2Cl2 at 20 °c shows broad 
overlapping multiplets between 6 0.40 - 2.55 due to the eight aliphatic protons of the 
phospholane ring. The methyl protons of the chelating bis(tertiary phosphine) appear as a 
Figure 6. ORTEP diagram of the cation of (R*, R*) -37 (molecule A) showing the 
labelling schen1e for the non-hydrogen atoms. 
I.>) 
.....J 
Figure 7. ORTEP diagram of the cation of (R+, R•)-31 (molecule B) showing the 
labelling scheme for the non-hydrogen atoms. 
l>) 
00 
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Table II. Bond Lengths (A) for (R* ,R*)-37·0.75(C6lf6)·0.25(CHC13) (molecules 
A and B) with Estimated Standard Deviations in Parentheses* 
---------------------------------------------------------
Fe(l)-P(l 1) 2.190(6) Fe(2)-P(21) 2.194(6) 
Fe(l)-P(12) 2.194(6) Fe(2)-P(22) 2.194(7) 
Fe(l)-P(14) 2.193(7) Fe(2)-P(24) 2.184(6) 
Fe(l)-C(l51) 2.10(2) Fe(2)-C(251) 2.12(3) 
Fe(l)-C(152) 2.09(2) Fe(2)-C(252) 2.11(2) 
Fe(l)-C(153) 2.07(2) Fe(2)-C(253) 2.07 (2) 
Fe(l)-C(154) 2.07(2) Fe(2)-C(254) 2.09(3) 
Fe(l)-C(l55) 2.12(2) Fe(2)-C(255) 2.11 (3) 
P(l 1)-C(l 1) 1.83(2) P(21 )-C(21) 1.79(2) 
P(l l)-C(l 11) 1.85(2) P(21)-C(211) 1.87(2) 
P(l l)-C(131) 1.84(2) P(21 )-C(231) 1.81(2) 
C(l 11)-C(l 12) 1.40(3) C(211)-C(212) 1.39(3) 
C(l 11)-C(l 16) 1.38(3) C(211 )-C(216) 1.40(4) 
C(l 12)-C(l 13) 1.42(3) C(212)-C(213) 1.39(3) 
C(l 13)-C(l 14) 1.38(3) C(213)-C(214) 1.36( 4) 
C(l 14)-C(l 15) 1.39(3) C(214 )-C(215) 1.38(4) 
C(l 15)-C(l 16) 1.38(3) C(215)-C(216) 1.42(3) 
P(12)-C(12) 1.77(2) P(22)-C(22) 1.82(2) 
P(12)-C(l21) 1.84(2) P(22)-C(221) 1.87(2) 
P(12)-C(132) 1.83(2) P(22)-C(232) 1.83(2) 
C(l21)-C(122) 1.36(3) C(221 )-C(222) 1.35(2) 
C(121)-C(126) 1.44(3) C(221 )-C(226) 1.40(3) 
C(122)-C(123) 1.39(4) C(222)-C(223) 1.44(3) 
C(l23)-C(124) 1.40(3) C(223 )-C(224) 1.38(3) 
C(124)-C(125) 1.32(3) C(224 )-C(225) 1.34(3) 
C(125)-C(126) 1.37(4) C(225)-C(226) 1.42(3) 
C(l31)-C(132) 1.39(2) C(231 )-C(232) 1.43(3) 
C(131)-C(136) 1.43(3) C(231 )-C(236) 1.37(3) 
C(l 32)-C( 133) 1.39(3) C(232)-C(233) 1.43(3) 
C(133)-C(134) 1.39(3) C(23 3 )-C(234) 1.31(3) 
C(134)-C(135) 1.36(3) C(234)-C(235) 1.38(3) 
C(135)-C(136) 1.40(3) C(235)-C(236) 1.35(3) 
P(14)-C(141) 1.88(2) P(24)-C(241) 1.87 (2) 
P(14)-C(147) 1.85(2) P(24)-C(247) 1.86(3) 
P(14)-C(149) 1.87(2) P(24)-C(249) 1.90(2) 
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Table II (continued) 
C(l41)-C(142) 1.40(3) C(241)-C(242) 1.41(4) 
C(l 41 )-C(l 46) 1.40(3) C(241 )-C(246) 1.34(3) 
C(l 42)-C( 143) 1.38(4) C(242)-C(243) 1.50(5) 
C(143)-C(l44) 1.34(4) C(243)-C(244) 1.34(4) 
C(144)-C(145) 1.40(4) C(244 )-C(245) 1.34(4) 
C( 145)-C(l 46) 1.39(4) C(245)-C(246) 1.41(3) 
C(147)-C(148) 1.49(3) C(247)-C(248) 1.60(3) 
C(148)-C(149) 1.58(3) C(248)-C(249) 1.51(4) 
C(151)-C(152) 1.39(3) C(251 )-C(252) 1.40(3) 
C(151)-C(155) 1.41(3) C(251 )-C(255) 1.41 (3) 
C(152)-C(153) 1.36(4) C(252)-C(253) 1.41 (3) 
C(153)-C(154) 1.44(3) C(253)-C(254) 1.42(3) 
C(154)-C(155) 1.40(3) . C(254 )-C(255) 1.40(3) 
C(61)-C(62) 1.34(5) C(91)-C(92) 1.46(5) 
C(61)-C(66) 1.38(4) C(9 l )-C(93)' 1.44(5) 
C(62)-C(63) 1.36(4) C(92)-C(93) 1.36(6) 
C(63)-C(64) 1.41(4) 
C(64)-C(65) 1.40(5) 
C(65)-C(66) 1.40(4) 
* Data for the hexafluorophosphate counterion omitted. 
--
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Table III. Bond Angles (0 ) for (R* ,R*)-37·0.75(C6lf6)·0.25(CHC13) (molecules A 
and B) with Estimated Standard Deviations in Parentheses 
---------------------------------------------------------
P(l 1)-Fe(l)-P(l2) 85.8(2) P(21 )-Fe(2)-P(22) 85.5(3) 
P(l 1)-Fe(l)-P(14) 98.1(2) P(21 )-Fe(2)-P(24) 97.1(3) 
P(l l)-Fe(l)-C(151) 103.8(6) P(21 )-Fe(2)-C(251) 106.4(6) 
P(l l)-Fe(l)-C(152) 141.2(7) P(21 )-Fe(2)-C(252) 144.1(5) 
P(l 1)-Fe(l)-C(153) 154.9(5) P(21 )-Fe(2)-C(253) 153.6(7) 
P(l 1)-Fe(l)-C(l54) 114.7(6) P(21 )-Fe(2 )-C(254) 113.5(6) 
P(l 1)-Fe(l)-C(155) 90.9(5) P(21 )-Fe(2)-C(255) 90.9(6) 
P(12)-Fe(l)-P(l4) 93.4(2) P(22)-Fe(2)-P(24) 96.3(3) 
P(12)-Fe(l)-C(151) 100.7(6) P(22)-Fe(2)-C(251) 98.4(7) 
P(12)-Fe(l)-C(152) 92.3(6) P(22 )-Fe(2 )-C(252) 91.6(7) 
P(l2)-Fe( 1 )-C(153) 117.8(6) P(22)-Fe(2)-C(253) 120.1 (7) 
P(12)-Fe(l)-C(154) 157.0(6) P(22)-Fe(2)-C(254) 157.0(7) 
P( 12)-Fe( 1 )-C(l 55) 137.1(7) P(22)-Fe(2)-C(255) 133.8(6) 
P(14)-Fe(l)-C(151) 154.7(6) P(24 )-Fe(2)-C(251) 153.0(6) 
P(l4)-Fe(l)-C(152) 120.6(7) P(24)-Fe(2)-C(252) 118.7(5) 
P(l 4 )-Fe( 1 )-C(l 53) 89.4(7) P(24)-Fe(2)-C(253) 87.1(6) 
P(14)-Fe(l)-C(154) 93.7(7) P(24 )-Fe(2 )-C(254) 94.0(6) 
P(14)-Fe(l)-C(155) 129.3(7) P(24 )-Fe(2 )-C(25 5) 129.8(6) 
C(15 l)-Fe(l)-C(152) 38.6(8) C(251)-Fe(2)-C(252) 38.6(8) 
C(l 51 )-Fe( 1 )-C(l 53) 65.4(9) C(251)-Fe(2)-C(253) 66.0(9) 
C(l 51 )-Fe( 1 )-C(l 54) 65.7(9) C(251 )-Fe(2)-C(254) 64.8(9) 
C(l51)-Fe(l)-C(155) 39.1(9) C(251)-Fe(2)-C(255) 39.1(9) 
C(152)-Fe(l)-C(153) 38(1) C(252)-Fe(2)-C(253) 39.5(8) 
C(l 52 )-Fe( 1 )-C(l 54) 65.4(9) C(252)-Fe(2)-C(254) 65.4(9) 
C(152)-Fe(l)-C(155) 64.9(7) C(252)-Fe(2)-C(255) 65.8(9) 
C( 153 )-Fe( 1 )-C( 154) 40.5(7) C(253)-Fe(2)-C(254) 40.1 (9) 
C(153)-Fe(l)-C(l55) 66.3(7) C(253)-Fe(2)-C(255) 67.1(9) 
C(154)-Fe(l)-C(l55) 39.0(9) C(254 )-Fe(2)-C(255) 39.0(8) 
Fe( 1 )-P( 11 )-C(l 1) 116.6(7) Fe(2 )-P(2 l )-C(21) 117.7(8) 
Fe(l)-P(l l)-C(l 11) 120.1(7) Fe(2)-P(21)-C(211) 121.2(6) 
Fe(l)-P(l 1)-C(131) 109.6(6) Fe(2)-P(21)-C(23 l) 111.5(6) 
C(l l)-P(l l)-C(l 11) 101.3(9) C(21)-P(21)-C(211) 100.3(9) 
C(l 1)-P(l 1)-C(131) 101.0(9) C(21 )-P(2 l )-C(231) 100(1) 
C(l 11)-P(l 1)-C(131) 106.1 (8) C(211 )-P(21 )-C(231) 103(1 ) 
P(l 1)-C(l 11)-C(l 12) 120(1) P(21 )-C(211 )-C(212) 121 (2) 
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Table ill (continued) 
P(l 1)-C(l 11)-C(l 16) 119(2) P(21 )-C(211 )-C(2 l 6) 119(2) 
C(l 12)-C(l 11)-C(l 16) 121(2) C(212)-C(211)-C(216) 120(2) 
C(l 11)-C(l 12)-C(l 13) 118(2) C(211)-C(212)-C(213) 116(2) 
C(l 12)-C(l 13)-C(l 14) 120(2) C(212)-C(213 )-C(2 l 4) 125(2) 
C(l 13)-C(l 14)-C(l 15) 121(2) C(213 )-C(2 l 4 )-C(215) 120(2) 
C(l 14)-C(l 15)-C(l 16) 120(2) C(214 )-C(215)-C(216) 118(2) 
C(l 11)-C(l 16)-C(l 15) 120(2) C(211)-C(216)-C(215) 121 (2) 
Fe( 1 )-P( 12)-C( 12) 124.0(8) Fe(2)-P(22)-C(22) 124.7(7) 
Fe(l)-P(12)-C(121) 115.4(5) Fe (2 )-P(22 )-C(221) 113.4(8) 
Fe( 1 )-P( 12)-C( 132) 109.6(6) Fe(2 )-P(22)-C(232) 109.7(7) 
C(12)-P(12)-C(121) 100( 1) C(22)-P(22)-C(221) 101.1(9) 
C(12)-P(12)-C(132) 102.8(8) C(22)-P(22)-C(23 2) 104(1) 
C(121)-P(12)-C(132) 102(1) C(22 l)-P(22)-C(232) 101.0(9) 
P(12)-C(l21)-C(122) 121(2) P(22)-C(221)-C(222) 119(2) 
P( 12)-C( 121 )-C( 126) 120(2) P(22)-C(221 )-C(226) 118(1) 
C( 122)-C( 121 )-C( 126) 119(2) C(222)-C(221 )-C(226) 123(2) 
C(121 )-C(122)-C(123) 123(2) C(221)-C(222)-C(223) 119(2) 
C(l22)-C(l23)-C(124) 117(2) C(222)-C(223)-C(224) 117(2) 
C(123)-C(124)-C(125) 121(2) C(223)-C(224 )-C(225) 123(2) 
C(l24)-C(125)-C(126) 124(2) C(224 )-C(225)-C(226) 120(2) 
C(121)-C(126)-C(125) 116(2) C(221 )-C(226)-C(225) 118(2) 
P(l 1)-C(131)-C(132) 116(1) P(21)-C(231)-C(232) 114(2) 
P(l 1)-C(131)-C(136) 124(1) P(21 )-C(231 )-C(236) 128(1) 
C(132)-C(131)-C(136) 120(2) C(232)-C(231 )-C(236) 117 (2) 
P(12)-C(132)-C(131) 116(1) P(22)-C(232)-C(23 l) 116(2) 
P(12)-C( 132)-C( 133) 124(1) P(22)-C(232)-C(233) 125(1) 
C(13 l)-C(l32)-C(133) 120(2) C(231)-C(232)-C(233) 118(2) 
C(132)-C(133)-C(134) 119(2) C(232)-C(233 )-C(234) 122(2) 
C(133)-C(l34)-C(135) 122(2) C(23 3 )-C(234 )-C(23 5) 119(2) 
C( 134 )-C( 135)-C( 136) 120(2) C(234 )-C(235)-C(236) 122(2) 
C(131)-C(136)-C(135) 118(2) C(231 )-C(236)-C(235) 122(2) 
Fe( 1 )-P( 14 )-C(l 41) 115.3(6) Fe(2 )-P(24 )-C(24 l) 115.6(8) 
Fe(l)-P(l4)-C(147) 128.3(8) Fe(2)-P(24)-C(247) 128.9(6) 
Fe(l)-P(14)-C(149) 124.6(8) Fe(2 )-P(24 )-C(249) 124.8(8) 
C( 141 )-P( 14 )-C( 14 7) 103(1) C(241 )-P(24 )-C(24 7) 101(1) 
C(141)-P(14)-C(149) 100(1) C(241)-P(24)-C(249) 101.1(9) 
C( 147)-P( 14 )-C( 149) 77.6(8) C(247)-P(24)-C(249) 77(1) 
P(14)-C(141)-C(l42) 121(2) P(24 )-C(241 )-C (24 2) 118(2) 
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Table m (continued) 
P(l 4 )-C( 141 )-C( 146) 120(2) P(24 )-C(241 )-C(246) 120(2) 
C(142)-C(141)-C(146) 119(2) C(242 )-C(241 )-C(246) 122(2) 
C(l41)-C(142)-C(143) 118(2) C(241 )-C(242)-C(243) 115(2) 
C(142)-C(l43)-C(l44) 122(2) C(242)-C(243)-C(244) 119(3) 
C(143)-C(144)-C(145) 121(3) C(243)-C(244)-C(245) 124(3) 
C(144)-C(145)-C(146) 118(2) C(244 )-C(245)-C(246) 118(2) 
C( 141 )-C( 146)-C( 145) 121(2) C(241 )-C(246)-C(245) 121(2) 
P(14)-C(147)-C(l48) 92(1) P(24 )-C(247)-C(248) 90(1) 
C(l47)-C(148)-C(149) 98(2) C(247)-C(248)-C(249) 98(2) 
P(l4)-C(149)-C(148) 89(1) P(24)-C(249)-C(248) 91(1) 
Fe(l)-C(151)-C(152) 70(1) Fe(2 )-C(251 )-C(252) 70(1) 
Fe( 1 )-C( 151 )-C( 155) 71(1) Fe(2)-C(251 )-C(255) 70(1) 
C(152)-C(151)-C(155) 108(2) C(252)-C(251 )-C(255) 109(2) 
Fe(l)-C(l52)-C(151) 71(1) Fe(2)-C(252)-C(251) 71(1) 
Fe(l)-C(152)-C(153) 70(1) Fe(2)-C(252)-C(253) 69(1) 
C( 151 )-C( 152)-C( 153) 110(2) C(251 )-C(252)-C(253) 108(2) 
Fe(l)-C(153)-C(152) 72(1) Fe(2)-C(253)-C(252) 72(1) 
Fe(l)-C(153)-C(154) 70(1) Fe(2)-C(253 )-C(254) 71(1) 
C(152)-C(153)-C(154) 107(2) C(252)-C(253)-C(254) 106(2) 
Fe(l)-C(154)-C(153) 70(1) Fe(2)-C(254)-C(253) 69(2) 
Fe( 1 )-C( 154 )-C( 155) 72(1) Fe(2)-C(254 )-C(255) 72(2) 
C(l 53 )-C(l 54 )-C( 155) 108(2) C(253 )-C(254 )-C(255) 110(2) 
Fe( 1 )-C( 155)-C( 151) 70(1) Fe(2)-C(255)-C(251) 71(2) 
Fe(l)-C(155)-C(154) 69(1) Fe(2)-C(255)-C(254) 69(2) 
C(151)-C(155)-C(154) 107(2) C(251 )-C(255)-C(254) 106(2) 
C(62)-C(61)-C(66) 121(3) C(92)-C(91)-C(93)' 108(3) 
C(61)-C(62)-C(63) 123(2) C(91 )-C(92)-C(93) 119(3) 
C( 62)-C( 63 )-C( 64) 117(3) C(92)-C(93)-C(91 )' 133(3) 
C(63)-C(64)-C(65) 122(2) 
C( 64 )-C( 65)-C( 66) 117(3) 
C(61)-C(66)-C(65) 120(4) 
* Data for the hexafluorophosphate counterion omitted. 
,._ 
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pair of doublets at 8 2.06 and 2.32 (2JpH = 2.06 Hz, and 2.32 Hz, respectively). The 
cyclopentadienyl protons appear as a single resonance at 8 4.09 (q, 3JPH = 1.80 Hz). The 
aromatic protons appear as broad multiplets betweeen 8 6.50 - 8.15. 
The 13C{ 1H} NMR spectrum of (R* ,R*)-38 in CD2Cl2 contains five resonances 
in the aliphatic region. The two resonances at 8 18.11 (d of d, IJPC = 18.86 Hz, 4JPC = 
8.80 ), and 25.24 (d of d, 1JPC = 21.42 Hz, 4Jpc = 7.69 Hz) were assigned to the 
methyl carbons of the chelating bis(tertiary phosphine). The remaining three resonances, 
appearing at 8 26.39 (d, 2JPC = 19.84 Hz), 29.30 (d, 1JPC = 24.14 Hz) and 32.51 (d, 
1JPC = 26.40 Hz), were assigned to C2, C1,, and C1 of the phospholane ring, 
respectively. It appears that the C2 and C2, resonances are overlapping. The assignments 
for the diastereotopic carbon nuclei C1, and C1 are ambiguous. The numbering of the 
carbon atoms of the 1-phenylphospholane in the complex (R* ,R*)-38 with respective 
assignments is shown below: 
M+ ~ ,,v-1, 
~ ... 2' p I 1 2 
Ph 
8 C1 = 32.51, 1Jpe = 26.40 Hz 
o Cl'= 29.30, 1lpc = 24.14 Hz 
o C2 = 26.39, 2Jpe = 19.84 Hz 
The 13C{ lH} NMR data reported for free 1-phenylphospholane and its oxide94 
are summarized below: 
. 
. "' p 
I 1 2 
Ph 
8 C 1 = 27.15, 1Jpc = 14.0 Hz 
8 C2 = 27.74, 2 lpc = 4.7 Hz 
0 
II 
Ph-P 
1 2 
8 C 1 = 30.30, 1 lpc = 66.8 Hz 
8 C2 = 25.72, 2Jpc = 7.9 Hz 
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A comparison of the 13C{1H} NMR data for free and coordinated 1-phenyl-
phospholane reveals two obvious trends: (a), upon coordination, the resonances for C1 
and C1, shift downfield with a concomitant increase in the 11PC coupling constants, and; 
(b ), C2 experiences an abrupt increase in the 21PC coupling constant and moves upfield. 
These trends are also observed for 1-phenylphospholane oxide. The cyclopentadienyl 
carbons of (R* ,R*)-38 appear as a single resonance at o 80.89 (s). The aromatic carbons 
in the complex resonate as multiplets in the range o 128.00 - 147.50. 
The 3 l P { 1 H} NMR spectrum of (R* ,R*)-38 in CD2Cl2 at 20 °c consists of an 
ABX multiplet with o PA = 79.56, P8 = 79.72, and Px = 65.34 ( 121 ABI = 44.93 Hz, 
121 AXI = 56.18 Hz, and 1218 xl = 47.02 Hz ).The phosphorus resonance in free 1-phenyl-
phospholane occurs at o -15.3;95 in the complex it is observed at o + 65.34. 
(coordination chemical shift: + 80.64 ppm). Coordination chemical shift is the difference 
between the chemical shift of the ligand in the complex and the chemical shift of the free 
ligand.101 
The FAB mass spectrum of (R* ,R*)-38 in an NBA matrix contains a peak at 
607.0 a.m.u., which corresponds to the calculated value of mle for [M]+ ion (607.4 
a.m.u.). 
2.3.6 Synthesis and Characterization of (R*,R*)-(+)-(115-Cyclo-
pentadienyl) (1,2-pheny lenebis(methylpheny !phosphine)] 
(1-phenylphosphorinane)iron(II) Hexafluorophosphate 
(R* ,R*)-39 
Complex (R* ,R*)-39 was synthesised by the reaction of (R* ,R*)-36 with 
dibromo-1,5-pentane in the presence KOBu-t in tetrahydrofuran as outlined in Scheme 
XXI. 
Scheme XXI 
Ph ~PFs· 
' ,,' Fe ' ,,,,H 
Me---· p. ' Me~ p~ H p:.. 
I ~ ·---Ph h 
~ 
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Ph ~PFs· 
Br(CH2)5Br ' ,,,,Fe ' o~ 
--------~ Me---·p' p· 
2 KOBu-t P_:_.Me I 
...... Ph Ph 
The 1 H NMR spectrum of (R* ,R*)-39 in CD2Cl2 at 20 °c shows overlapping 
multiplets in the range 8 0.44 - 2.45 due to the ten aliphatic protons of the 1-phenyl-
phosphorinane ring. The methyl protons of the chelating bis( tertiary phosphine) appear as 
a pair of doublets at 8 2.04 and 2.51 with 2JpH = 8.10 Hz, and 8.40 Hz, respectively. 
The cyclopentadienyl protons appear as a single resonance' at 8 4.08 (q, 3JpH = 1.50 
Hz). The aromatic protons resonate as multiplets between 8 6.60 - 8.25. 
The 13C{ 1H} NMR spectrum of (R* ,R*)-39 in CD2Cl2 contains seven 
resonances in the aliphatic region. The two resonances at 8 18.21 (d of d, 1JPC = 23.08 
Hz, 4JPC = 4.37 ) and 25.50 (d of d, 1JPC = 27 .34 Hz, 4JPC = 3.31 Hz) were assigned 
to the methyl carbons of the chelating bis(tertiary phosphine). The remaining five 
resonances at 8 28.36 (d, 1JPC = 24.21 Hz), 26.10 (d, 1JPC = 24.21 Hz), 25.69 (d, 
3JPC = 3.24 Hz), 22.64 (d, 2JPC = 7.69 Hz) and 22.15 (d, 2JPC = 7.69 Hz) were 
assigned to carbons C1, C1,, C3, C2 and C2, of the 1-phenylphosphorinane ring, 
respectively. The assignments for C1, and C1 could be interchanged. The numbering 
scheme for the carbon skeleton of the coordinated 1-phenylphosphorinane ring is given 
below: 
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Ph 
6 C1 = 28.36, 1Jpe, = 24.21 Hz 
6 Cl'= 26.10, 1lpc = 24.21 Hz 
6 C2 = 22.64, 2lpc = 7.69 Hz 
6 C2, = 22.15, 2lpc = 7.69 Hz 
6 C3 = 25.69, 3 lpc = 3.24 Hz 
The 13C( 1H} NMR data reported for free 1-phenylphosphorinane and its oxide94 
are summarized below: 
. "' p 3 
1 2 
Ph 
6 C1 = 24.79, 1 lpc = 14.8 Hz 
6 C2 = 23.65, 2lpc = 2.4 Hz 
6 C3 = 28.04, 3 J pe, = 2.5 Hz 
0 
Ph-P 3 
1 2 
6 C1 = 28.73, 1 Jpe, = 65.2 Hz 
6 C2 = 22.54, 2lpc = 6.0 Hz 
6 C3 = 26.98, 3 lpc = 6.8 Hz 
A comparison of the 13C( 1H} NMR data of free and coordinated 1-phenyl-
phosphorinane reveals the following trends: (a), upon coordination carbons C1 and C1, 
experience a downfield shift with a concomitant increase in the 1JPC coupling constants, 
and; (b), carbons C2, C2, and c3 experience an increase in the 2JPC and 3JPC coupling 
constants and move upfield. These trends are also observed for 1-phenylphosphorinane 
oxide. The cyclopentadienyl carbons in (R* ,R*)-39 appear at 6 80.59 (s). The aromatic 
carbons resonate as multiplets in the range 6 128.10 - 147.50. 
li 
II 
11 
··'-
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The 31 P { 1 H} NMR spectrum of (R* ,R*)-39 in CD2Cl2 at 20 °c consists of an 
ABX multiplet with O PA = 78.83, P8 = 77 .67, and Px = 37 .80 ( 121 ABI = 43.50 Hz, 
121 AXI = 55.00 Hz, and 121 sxl = 52.12 Hz ). In free 1-phenylphosphorinane the 
phosphorus resonance occurs at o - 34.3;96,97 in (R* ,R*)-39 it occurs at o + 37 .80 
( coordination chemical shift : + 72.1 ppm.). 
The FAB mass spectrum of (R* ,R*)-39 in an NBA matrix contains a peak at 
621.0 a.m.u., which corresponds to the calculated value of mle for the [M]+ ion (621.4 
a.m.u.). 
2.3.7 Synthesis and Characterization of (R*,R*)-(+)-(11S-cyclo-
pentadienyl)[l,2-phenylenebis(methylphenylphosphine)] 
(1-phenylphosphepane)iron(II) Hexafluorophosphate 
(R * ,R*)-40 
Complex (R* ,R*)-40, was synthesised in 63% yield as orange needles by the 
reaction of (R* ,R*)-36 with dibromo-1,6-hexane in the presence of KOBu-t in boiling 
tetrahydrofuran, as outlined in Scheme XXII. 
Scheme XXII 
The 1H NMR spectrum of (R* ,R*)-40 in CDC13 at 20 °c shows overlapping 
multiplets in the range O 0.50 - 2.45 due to the twelve aliphatic protons of the 1-phenyl-
phosphepane ring. The methyl protons of the chelating bis(tertiary phosphine) appear at 
L 
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8 2.02 (d, 2JpH = 7.20 Hz) and 2.49 (d, 2JPH = 8.40 Hz). The cyclopentadienyl protons 
give a single resonance at 8 4.03 (q, 3JPH = 1.50 Hz) and the aromatic protons resonate 
as multiplets between 8 6.48 - 8.15. 
The 13C{ 1H} NMR spectrum of (R* ,R*)-40 in CD2Cl2 contains eight resonances 
in the aliphatic region. The two resonances at 8 18.38 (d of d, 1JPC = 22.28 Hz, 4JPC = 
4.93) and 25.82 (d of d, 1JPC = 29.15 Hz, 4JPC = 2.76 Hz) were assigned to the methyl 
carbons of the chelating bis(tertiary phosphine). The remaining six resonances at 8 32.32 
(d, 1JPC = 23.08 Hz), 29.53 (d, lJPC = 20.89 Hz), 26.93 (s), 26.58 (s), 23.25 (d, 
2JPC = 8.83 Hz), and 22.39 (d, 2JPC = 8.83 Hz) were assigned to C1, C1,, C3, C3, ,C2, 
and C2, of the phosphepane ring. The numbering of the carbon skeleton of the 
1-phenylphosphepane in (R* ,R*)-40 together with the respective assignments, is shown 
below: 
2' 
1 2 
Ph 
3' 
3 
8 C1 = 32.32, 1Jpe = 23.08 Hz 
8 Cr= 29.53, 1lpc = 20.89 Hz 
8 C2 = 23.25, 2lpc = 8.83 Hz 
8 C2, = 22.39, 2 Jpe = 8.83 Hz 
8 C3 = 26.93 
8 C3, = 26.58 
• 
The 13C{lH} NMR data reported for free 1-phenylphosphepane and its oxide94 
are shown below: 
1 2 
8 C1 = 29.89, 1 Jpc = 15.0 Hz 
8 C2 = 25.16, 2Jpc = 10.6 Hz 
8 C3 = 28.27, 3 Jpe = 4.6 Hz 
0 
II 
Ph--P 3 
1 2 
8 C1 = 31.76, 1 Jpe = 65.0 Hz 
8 C2 = 21.66, 2Jpc = 4.5 Hz 
8 C3 = 29.56, 3 lpc = 1.2 Hz 
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The most noticeable change in the 13C{ 1H} NMR spectrum of the coordinated 
1-phenylphosphepane is the appearance of c3 and C3, as sharp singlets without any 
apparent 31PC coupling. Other features of the spectrum include: (a), a downfield shift of 
C1 and C1, with a concomitant increase in the 11PC coupling constants compared to the 
value for the free ligand, and; (b ), an upfield shift of the c2 and C2, signals with a 
decrease in the 21PC coupling constants. Similar trends were found for 1-phenyl-
phosphepane oxide. The cyclopentadienyl carbons in the complex resonate at o 80.75 (s) 
and the aromatic carbons were observed as multiplets in the range o 128.15 - 144.50. 
The 31 P { 1 H} NMR spectrum of (R* ,R*)-40 in CD2Cl2 at 20 °c consists of an 
ABX multiplet with o PA= 78.75, P8 = 78.10, and Px = 51.02 ( 121 ABI = 42.86 Hz, 
121 AXI = 54.76 Hz, 1218xl = 49.86 Hz). Although the synthesis of 1-phenylphosphepane 
has been described,98 the o 3l P value for the molecule is not reported. On the basis of the 
o 3 l P values for the similar compounds, however, a value of - 53.3 ppm can be 
estimated. In (R* ,R*)-40, the phosphorus resonance of the seven-membered ring occurs 
at o 51.02. Theo 3lp values for four-, five-, six-, and seven-membered cyclic 
phosphines86 are summarized below: 
p Q I p p I I I Ph Ph Ph Ph 
o (3 1P) + 4.4 
- 15.3 - 34.3 
- 53.3 (estimated) 
The F AB mass spectrum of (R* ,R*)-40 in an NBA matrix contains a peak at 
635.0 a.m.u., which corresponds to the mle of the [M]+ ion (635.4 a.m.u.). 
- 51 -
2.4 [(R * ,R *),(R *)]- and [(R* ,R*),(S*)l-(115-Cyclopentadienyl) 
[l,2-phenylenebis(methylphenylphosphine)][l-phenyl-
(prop-2-enyl)phosphine]iron(II) Hexafluorophosphate 
[(R * ,R *),(R *)]-41 and [(R * ,R *),(S *) ]-41 
In an attempt to develop alternative routes for the synthesis of coordinated 
1-phenylphosphetane, the reaction of (R* ,R*)-36 with allyl bromide was performed as 
shown in Scheme XXIII. The strategy includes the base-catalysed99 or free-radicaI48b,IOO 
intramolecular addition of a P-H bond across a C=C bond of the allyl group. The reaction 
of (R* ,R*)-36 with 1 equivalent of allyl bromide in the presence of triethylamine in 
tetrahydrofuran at room temperature afforded a mixture of the two diastereomers 
[(R* ,R*),(R*)]-41 and [(R* ,R*),(S*)]-41 in the ratio 3:1 as shown by 3lp{ lH} NMR 
spectrum (Figure 8). In an attempt to synthesise the phosphetane from the secondary 
phosphine complexes, the mixture of diastereomers was heated in tetrahydrofuran with a 
trace of KOBu-t for 72 h. The NMR spectra (lH and31p) of the product revealed starting 
material only. The irradiation of the mixture of diastereomeric secondary phosphine 
complexes with UV (A= 254 nm) in presence of 2,2' -azobis(isobutyronitrile) (AIBN), a 
free radical initiator, afforded a red oil that could not be characterized. 
Scheme XXIII 
' (R* ,R*)-36 
, ' 
- 52 -
Ph ~PF-
' 
Fe+ s V 
,, ~ ~ 
,, ' "' ....... Me---- p' P~ H 
P~Me I + 
........ Ph Ph 
[(R* ,R*),(R*)]-41 * [(R* ,R*),(S*)] -41 * 
~---- ____ /y t AIBN, UV 
Ph ~PF-
' / Fe ,s 0,,,, Me •••• p ' ' p· P_.-Me I 
~ ............ Ph Ph 
(R*, R*)-37 
* One enantiomer depicted. 
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Figure 8. 31p( lH) NMR spectrum of [(R• ,R*),(R*)]- and [(R• ,R*),(S*)]-41 
in CD2CI2 at 20 °c. 
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2.5 Conclusion 
1-Phenylphosphetane, 1-phenylphospholane, 1-phenylphosphorinane, and 
1-phenylphosphepane have been synthesised on an iron(Il) centre by the alkylation of 
coordinated phenylphosphine with the appropriate terminal dihaloalkane. The complexes 
have been characterised by lH, 13C{ lH}, 31P{ 1H} NMR spectroscopy, as well as by the 
appearance of an [M]+ ion in their FAB mass spectra. The most significant result is that 
coordinated 1-phenylphosphetane has been synthesised and characterized for the first time 
by single crystal X-ray structure analysis. The various syntheses show the potential of the 
metal template strategy for the synthesis of cyclic tertiary phosphines. 
.--
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2. 6 Experimental 
General 
Reactions involving air-sensitive compounds were performed under a positive 
pressure of argon using standard Schlenk techniques.102 Solvents were purified and 
dried by the usual literature proceduresl03 and were freshly distilled under argon prior to 
use. lH, 13C{ lH), and 31P{H} NMR spectra were recorded at 20 °C in CD2Cl2 on 
Varian VXR-300, Varian XL-200, Bruker CXP-200, Jeolco FX-200, and Varian 
Gemini-300 spectrometers; chemical shifts are reported as o values relative to internal 
Me4Si (o = 0) for proton and external 85% H3P04 for phosphorus. Infrared spectra were 
recorded in Nujol mulls or liquid films between KBr plates on a Perkin-Elmer Model 683 
spectrophotometer. Fast atomic bombardment (FAB) mass spectra were run on a VG 
Analytical ZAB-2SEQ, mass spectrometer (ionization: 30 kev Cs+ ions) in a matrix of 3-
nitrobenzyl alcohol (NBA) and methanol as solvent. Elemental analyses were performed 
by staff within the Research School of Chemistry. The X-ray diffraction data were 
collected on a Nicolet XRD P3 diffractometer equipped with MoKa radiation by Dr W. 
T. Robinson of the University of Canterbury, New Zealand, and the molecular structure 
reported was determined by Dr A. C. Willis of the Research School of Chemistry. The 
31P{ 1H} NMR spectra for ABX systems were analysed by the computer generated 
programme DAVINS and simulated on a Varian Gemini-300 spectrometer using the 
-
FORTRAN programme LAME.104 
The dihaloalkanes, X(CH2)0 X ( where X = Br and n = 3, 4, 5 or 6) were 
purchased from the Aldrich Company (U.S.A.) and dried and distilled before use. The 
ligand (R* ,R*)-(+)-1,2-phenylenebis(methylphenylphosphine)92 and the complex 
bromodicarbonyl(T\5-cyclopentadienyl)iron(m 105 were prepared by literature methods. 
I 
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(R • ,R *)-( + )-(Acetonitrile)(Tl S.cyclopentadienyl) [ 1,2-phenylenebis-
(methylphenylphosphine)]iron(II) Hexafluorophosphate (R* ,R*)-35 
A suspension of [(,i5-C5H5)Fe(CO)2Br] (2.0 g, 7.8 mmol) and (R* ,R*)-1,2-
~(PMePh)2 (2.52 g, 7.8 mmol) in acetonitrile (80 ml) was irradiated for 50 min with 
a Hanovia 125 W UV lamp. The resulting brown solution was reduced in volume (to ca. 
10 mL) and treated with aqueous NI4PF6 (12.5%, 25 mL). Diethyl ether (50 mL) was 
added to the reaction mixture, which was then stirred for ca. 18 h. The brick-red product 
so obtained was collected, washed with diethyl ether, and dried: mp 238 - 240 °C dee; 
yield 4.6 g, (93%). Anal. Calcd for C27H2gFifeNP3: C, 51.5; H, 4.5; N, 2.2; P, 14.8. 
Found: C, 51.8; H, 4.6; N, 2.0; P, 14.6. 1 H NMR (CXP-200, CD2Cl2): 8 1.68 (t, 3 H, 
5lptt = 1.3 Hz, MeCN), 2.07 (d of d, 3 H, 2lptt = 8.7 Hz, 51PH = 2.2 Hz; PMe), 2.32 
(d of d, 3 H, 2lptt = 8.1 Hz, 51PH = 1.8 Hz, PMe), 4.15 (t, 5 H, 31PH = 1.6 Hz, ,i5-
CsJ{5), 7.22 - 7.65 (m, 14 H, aromatics). 3lp( 1H} NMR ((CXP-200, CD2Cl2): 8 86.8, 
87.5 (AB m, 2 P, I 21 ABI = 47.0 Hz). 
(R • ,R *)-(+ )-(11 S.(Cyclopentadienyl) [ 1,2-phenylenebis(methyl-
phenylphosphine) ](phenylphosphine)iron(ll)Hexafluorophosphate 
(R*,R*)-36 
A mixture of (R* ,R*)-35 (2.0 g, 3.2 mmol) and phenylphosphine (0.35 g, 3.2 
mmol) in methanol (75 mL) was heated under reflux for 2 h. The clear yellow solution 
was then reduced in volume (to ca. 10 mL) and diluted with diethyl ether. The product 
-
crystallized as yellow needles, which were washed with diethyl ether and dried: mp 224 -
227 °C dee; yield 2.0 g (90.5%). Anal. Calcd for C31H32FifeP4: C, 53.3; H, 4.6; P, 
17.7. Found: C, 53.5; H, 4.7; P, 18.1. 1H NMR (CXP-200, CD2Cl2): 8 2.22 (d, 3 H, 
21PH = 8.3 Hz, PMe), 2.26 (d, 3 H, 21PH = 7.6 Hz, PMe), 4.22 (q, 5 H, 31PH = 1.7 
Hz, 115-CsJ{5), 4.65 (d of m, 1 H, 1lptt = 344 Hz, PHH' Ph), 5.40 (d of m, 1 H, 1lptt 
= 344 Hz, PHH 'Ph), 6.70 - 7.75 (m, 19 H, aromatics). 3lp{ lH) NMR (CXP-200, 
CD2Cl2): 8 - 4.5, 80.9, 83.1 (ABX m, 3 P, I 21 ABI = 43.6 Hz, I 21 d = 58.8 Hz, 
I 2la~ = 55.4 Hz). 
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(R • ,R *)-(+ )-(Tl 5-C yclopentadienyl) [ 1,2-phenylenebis(methyl-
phenyl phosphine)] ( 1-phenyl phosphetane )iron(II) Hexafluorophosphate 
Hemidichloromethane Solvate (R* ,R*)-37·0.SCH 2Cl 2 
A solution of (R* ,R*)-36 (0.42 g, 0.6 mmol) in tetrahydrofuran (250 mL) was 
treated with clibromo-1,3-propane (0.13 g, 0.6 mmol) and 1,8-cliazabicyclo[5.4.0]-
undec-7-ene (DBU) (0.19 g, 1.2 mmol) at 20 °c to give a red solution. After 16 h 
stirring, the solvent was evaporated from the solution and the residue was 
chromatographed on basic alumina (a .ctivity I) with clichloromethane as eluent. The 
eluate, after drying over MgSO4 and evaporation, yielded the crude product as a yellow 
powder. Recrystallization of the crude product from dichloromethane by the slow 
addition of petroleum ether gave pure (R* ,R*)-37 as yellow needles: mp 198 - 201 °C 
dee; yield 0.4 g (85% ). Anal. Calcd. for C34_5H37ClFifeP 4: C, 53.1; H, 4.8; Cl, 4.5; 
P, 15.8. Found: C, 52.7; H, 4.9; Cl, 4.1; P, 15.5. lH NMR (VXR-300, CDC13): o 0.85 
- 2.40 (br m, 6 H, ring CH2CH2CH2), 2.09 (d, 3 H, 2lpH = 8.19 Hz, PMe), 2.43 (d, 3 
H, 2lpH = 8.79 Hz, PMe), 4.06 (q, 5 H, 31PH = 1.80 Hz), 5.32 (t, 2 H, 1lcH = 1.10 
Hz, CH2Cl2), 6.70 - 8.00 (m, 19 H, aromatics). l3C( 1H} NMR (VXR-300, CDCl3): o 
17.94 (d of d, 11PC = 24.48 Hz, 41PC = 4.30 Hz, PMe), 23.36 (d, 21PC = 18.48 Hz, 
PC2), 24.43 (d of d, 11PC = 28.66 Hz, 41PC = 2.11 Hz, PMe), 25.79 (d, 11PC = 31.91 
Hz, PC1 or PC3), 28.56 (d, 11PC = 34.02 Hz, PC1 or PC3), 80.87 (s, T\5-C5H5), 
128.00 ·- 145.58 (m, ArC). 31p( lH} NMR (VXR-300, CDCl3): o 79.70, 80.73, 99.47 
(ABX m, 3 P, I 21 AaJ = 44.23 Hz, I 21 A~ = 50.70 Hz, I 2la~ = 49.19 Hz). FAB mass 
spectrum. Calcd for [M]+: mle ·593.4. Observed: mle 593.0 a.m.u. 
(R • ,R •)-(+)-(Tl s.c yclopentadienyl) [ 1,2-phenylenebis( methy 1-
pheny I phosphine)] ( I-phenyl phospholane )iron (II) Hexa fl uorophospha te 
(R* ,R*)-38 
A solution of (R* ,R*)-36 (0.33 g, 0.47 mmol) in tetrahydrofuran (200 mL), 
when treated with clibromo-1,4-butane (0.10 g, 0.47 mmol) and KOBu-t (0.11 g, 0.94 
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mmol) at 20 oC gave a deep re.d solution. After ca 12 h, the solution had become clear 
yellow; the solvent was evaporated off, and the residue was dissolved in 
dichloromethane (100 mL) and aqueous 5% Nf4PF6 (50 mL) was added. The mixture 
was shaken for several minutes and then the two layers were separated. The organic layer 
was concentrated to ca. 10 mL and chromatographed on a column of basic alumina 
(Activity n with dichloromethane as eluent The eluate, after drying over MgSO4 and 
concentrating to ca. 5 mL, was diluted with petroleum ether (bp 40 - 60 °C). The product 
crystallized as orange needles: mp 218 - 220 °C dee; yield 0.29 g (83%). Anal. Caloo for 
C35H3gFifeP4: C, 55.8; H, 5.1; P, 16.4. Found: C, 55.5; H, 5.1; P, 16.2. 1H NMR: 
0.40 - 2.55 (br m, 8H, ring CH2' s), 2.06 (d of d, 3 H, 21PH = 2.06 Hz, PMe), 2.32 (d 
of d, 3 H, 2lpH = 2.32, PMe), 4.09 (q, 5 H, 31PH = 1.81 Hz, T)5-Csf15), 6.50 - 8.15 
{m, 19 H, aromatics). l3C{ 1H} NMR (VXR-300, CD2Cl2): 6 18.11 (d of d, 11PC = 
18.86 Hz, 41PC = 8.80 Hz, PMe), 25.24 (d of d, 11PC = 21.42 Hz, 41PC = 7.69 Hz, 
PMe), 26.39 (d, 21PC = 19.84 Hz, C2), 29.30 (d, 11PC1, = 24.14 Hz, C1,), 32.51 (d, 
11PC1 = 26.40 Hz, C1 ), 80.89 (s, Tt5-C5H5), 128.00 - 147.50 (m, ArC). 3lp{ lH} 
NMR (VXR-300, CD2Cl2): 6 79.56, 79.72, 65.34 (ABX m, 3 P, I 21 ABI = 44.93, 
I 21 AXi = 56.18 Hz, I 21 Bxf = 47 .02 Hz). FAB mass spectrum. Calcd for [M]+: mle 
607.4. Observed: mle 604.0 a.m.u. 
(R • ,R •)-(±)-(11 s.c yclopentadienyl) [ 1,2-phenylenebis(methy 1-
phenyl phosphine) ](1-phenyl phosphorinane)iron(II) Hexafluorophosphate 
Chloroform Solvate (R• ,R•)-39·1.SCHCl 3 
To a solution of (R* ,R*)-36 (0.39 g, 0.56 mmol) in tetrahydrofuran (175 mL) 
was added dibromo-1,5-pentane (0.14 g, 0.60 mmol) and KOBu-t (0.15 g, 1.33 mmol) 
at 20 °C. The colour of the solution changed immediately from yellow to brown red. The 
reaction mixture, upon heating under reflux for 12 h, turned yellow. The solution was 
cooled to room temperature, the solvent evaporated off, the residue extracted with 
dichloromethane (2 x 100 mL), and the extract washed with aqueous 5% Nf4PF6 (40 
mL).The organic layer was separated off, concentrated to ca. 5 mL, and chromatographed 
r-
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on basic alumina with clichloromethane as eluent. The eluate, after drying over MgSO4 
and concentrating to 4 mL was diluted with diethyl ether (12 mL); dark-red crystals of the 
crude product separated: mp 223 - 225 °C dee; yield 0.36 g (84% ). Recrystallization of 
the crude product from a concentrated chloroform solution yielded red hexagonal 
crystals. Anal. Calcd for C37_5f41.sC4.sFifeP4: C, 47.6; H, 4.4; Cl, 16.9; P, 13.1. 
Found: C, 48.3; H, 4.4; Cl, 17.5; P, 12.6. 1H NMR (Gemini-300, CD2Cl2): o 0.44 -
2.45 (br m, 10 H, ring CH2' s), 2.04 (d, 3 H, 2lpH = 8.10 Hz, PMe), 2.51 (d, 3 H, 
21PH = 8.40 Hz, PMe), 4.08 (q, 5 H, 3lpH = 1.50 Hz, 115-C5H5), 7.30 (s, CHCl3), 
6.60 - 8.25 (m, 19 H, aromatics). 13C{ lH} NMR (VXR-300, CD2Cl2): o 18.21 (d of d, 
1lpc = 23.08 Hz, 41PC = 4.37 Hz, PMe), 22.15 (d, 21PC = 7.69 Hz, C2), 22.64 (d, 
21PC = 7.69 Hz, C2, ), 25.50 (d of d, 11PC = 27.34 Hz, 41PC = 3.31 Hz, PMe), 25.69 
(d, 3lpc = 3.24 Hz, C3 ), 26.10 (d, 11PC = 24.21 Hz, C1 ,), 28.36 (d, 11PC = 24.21 
Hz, C1), 80.59 (s, 115-C5H5), 128.10 - 147.50 (m, ArC). 31P{ 1H} NMR (XL-200, 
CD2Cl2): O 78.83, 77 .67, 37.80 (ABX m, 3 P, I 21 ABI = 43.50 Hz, I 21 Axl = 55.0 Hz, 
I 2lsxl = 52.12 Hz). FAB mass spectrum. Calcd for [M]+: mle 621.4. Found: mle 
621.0 a.m.u .. 
(R • ,R *)-( + )-(11 s.c yclopentadienyl) [ 1,2-phenylenebis(methy 1-
phenyl phosphine) ](l-phenyl phosphepane )iron(II) Hexafluorophosphate 
Monodichloromethane Solvate (R* ,R*)-40.CH 2Cl2 
This compound was prepared from (R* ,R*)-36 (0.43 g, 0.61 mmol) and 
clibromo-1,6-hexane (0.15 g, 0.61 mmol) in tetrahydrofuran (225 mL) by a method 
similar to that described for (R* ,R*)-39, but with a heating time of 48 h. Crystallization 
of the crude product from dichloromethane-petroleum ether yielded orange needles: mp 
204 - 206 °C dee; yield 0.30 g, (63%). Anal. Calcd for C3gl44Cl2FifeP4: C, 52.7; H. 
5.1; Cl, 8.2; P, 14.3. Found: C, 53.1; H, 5.1; Cl, 7.6; P, 14.7. lH NMR (Gemini-300, 
CDCl3): o 0.52 - 2.45 (m, 12 H, ring CH2' s), 2.02 (d, 3 H, 21PH = 7 .20 Hz, PM e), 
2.49 (d, 3 H, 21PH = 8.40 Hz), 4.03 (q, 5 H, j31PHI = 1.50 Hz), 5.30 (s, CH2Cl2), 6.48 
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- 8.15 (m, 19 H, aromatics). 13C{lHJ NMR (VXR-300, CD2Cl2): o 18.38 (d of d, 11PC 
= 22.28 Hz, 41PC = 4.93 Hz, PMe), 22.89 (d, 21PC = 8.83 Hz, C2, ), 23.25 (d, 2lpc = 
8.83 Hz, C2 ), 25.82 (d of d, 11PC = 29.15 Hz, 41PC = 2.76 Hz, PMe), 26.58 (s, C3, ), 
26.93 (s, C 3), 29.53 (d, 11PC = 20.89 Hz, C z, ), 32.32 (d, 1lpc = 23.08 Hz, CJ), 
80.75 (s, 115-C5H5), 128.15 - 144.50 (m. ArC). 3Ip{ 1H} NMR (XL-200, CDCl3): o 
78.75, 78.10, 51.02 (ABX m, 3 P, 121 ABI = 42.86, 121 Axl = 54.76., I 2laxl = 49.86 
Hz). FAB mass spectrum. Calcd for [M]+: mle 635.5. Found: mle 635.0 a.m.u. 
[(R•,R•),(R.)]- and [(R• ,R•),(S.)]-(115-Cyclopentadienyl) [1,2-
phenylenebis(methyl phenyl phosphine)] [ I-phenyl (prop-2-enyl) phosphine] 
iron(II) Hexafluorophosphate [(R• ,R•),(R.)]-41 and [(R• ,R•),(S.)]-41 
A solution of (R*, R*)-36 (0.46 g, 0.66 mmol) in tetrahydrofuran (200 mL) was 
treated with allyl bromide (0.08g, 0.66 mmol) and triethyl amine (0.08 g, 0.79 mmol) at 
20 oC. There was no change in the colour of the solution. After 12 h stirring, the solution 
was evaporated to dryness. The usual work-up and purification on an alumina column 
yielded the two diastereomers as yellow powder in the ratio [(R* ,R*),(R*)]-41 : [(R*, 
R*),(S*)]-41 = 3 : 1. mp 233 - 236 °C (dee.); yield: 0.38g (78% ). Anal. Calcd for 
C34H3ififeP4: C, 55.3; H, 4.9; P, 16.8. Found: C, 54.9; H, 4.9; P, 16.2. 31p(lH} 
NMR (VXR-300, CDC13): major [(R*, R*),(R*)]-41 diastereomer: o 83.22, 80.01, 56.6 
(ABX m, 3 P, 121 ABI = 43.10 Hz, 121 AXI = 54.17 Hz, 121Bxl = 51.96 Hz); minor [(R*, 
R*),(S*)]-41 diastereomer: O 82.99, 81.52, 55.06 (ABX m, 3 P, 121 ABI = 43.17 Hz, 
121 AXI = 53.08 Hz, 121Bxl = 51.94 Hz). 
CHAPTER THREE 
SYNTHESIS AND REACTIVITY OF 
BIS [ { 1,2-PHENYLENEBIS(PHOSPHINE)} ]CO PPER(I) 
TRIFLUOROMETI-IANESULPHONATE 
.... 
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3.1 Introduction 
The coordination chemistry of copper(D with various primary, secondary, and 
tertiary phosphine ligands has been studied in detail and the tetrahedral geometry of the 
metal ion in several of the complexes has been unequivocally established.106-112 Apart 
from the intrinsic interest in the stability of the tetrahedral metal centre in the complexes, it 
was envisaged that primary phosphine complexes of copper(D could serve as templates 
for the synthesis of quadridentate macrocycles containing phosphorus donors. In 
Chapter 2 we investigated the reactivity of coordinated phenylphosphine in an iron(m 
complex and went on to prepare some new cyclic tertiary phosphines in coordinated 
form. In this Chapter, we shall be concerned with cyclization reactions of a coordinated 
bis(primary phosphine) with appropriate dihaloalkanes in the anticipation of the synthesis 
of cyclic bis( tertiary phosphines) and macrocyclic tetra( tertiary phosphines). The main 
advantage of choosing copper(I) as the template ion is that it is usually possible to 
displace tertiary phosphine ligands from this ion under relatively mild conditions. The 
general strategy is shown is Scheme XXIV. 
Scheme XXIV 
(\ 
Br Br 
KOBu-t 
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3. 2 On the Choice of Bis[ {1,2-phenylenebis(phosphine)}] 
copper(!) Trifluoromethanesulphonate as the Precursor 
Complex for the Cyclization Reactions 
Several metal ions such as molylxlenum(O), iron(ID, cobalt(ID, nickel(II), 
palladium(ID, and platinum(II) have been used as templates for cyclization reactions. 
Healy and Rest1 l3 concluded that the following two basic requirements must be fulfilled 
by a metal ion in order for it to function as a template: (a), the stereochemistry of the metal 
complex must be such that the reactive groups are disposed in an arrangement favourable 
for the cyclization reaction; and (b ), the metal ion should form stable complexes with the 
ligands bearing the reactive groups of the various starting materials and intermediates. 
Previous studies in our group have shown l lO that in the coinage metal series (copper, 
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silver, and gold) univalent copper-tertiary phosphine complexes are of intennediate 
stability with respect to those of the univalent ions of silver and gold. Moreover, copper 
is cheaper than gold, and unlike silver, copper complexes are stable to light 
The preparation and reactions of trifluoromethane sulphonic acid (triflic acid) have 
been reviewed by Howells and McCown. I 14 Sargeson and coworkers, I 15 in their kinetic 
studies, rank the triflate ion second to the perchlorate in terms of !ability. The large 
negative inductive effect of the CF3 group, which is one of the strongest electron 
withdrawing groups known, makes the anion an excellent leaving group in substitution 
reactions. The triflate anion is also resistant to reductive and oxidative cleavage and its 
inability to act as a source of fluoride ions, even in the presence of strong nucleophiles, is 
beneficial in suppressing or eliminating side-reactions. 
3.3 Results and Discussion 
3.3.1 Synthesis and Characterization of 1,2-Phenylenebis(phos-
phine) 44 
1,2-Phenylenebis(phosphine), 44 was synthesised by a modification of the 
published methodll6 The synthesis is outlined in Scheme XXV. 
Scheme XXV 
42 
Cl 
+ 
Cl 
0 
I 
P(OMe)2 
P(OMe)2 
II 
0 
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The reaction of 1,2-dichlorobenzene and trimethylphosphite at 80 oC under UV 
radiation gave a mixture of 42 and 43, from which 1,2-phenylenebis(dimethylphosphon-
ate), 42, was isolated as a colourless, air-stable, crystalline solid; mp 79-80 °c, in ca. 
45% yield after recrystallization from acetone. The 1 H NMR spectrum of 42 in CDC13 at 
20 °C contains a doublet at o 3.78 (3Jp8 = 10.55 Hz) due to the methyl protons and a 
broad multiplet between o 7.60 - 8.20 due to the aromatic protons. The 13 C{ lH} NMR 
spectrum of 42 in the same solvent exhibits signals at o 58.08 (t, 2JPC. = 3.0 Hz), 
128.46 (d, 1JPC. = 10.4 Hz), 131.86 (t, 2JPC, = 5.4 Hz), and 135.52 (t,3JPC. = 11.5 Hz), 
which have been assigned to the methyl carbons, C1, C2, and C3, respectively, according 
to the numbering shown in the following diagram: 
0 
2 II 
P(OMeh 
3 
P(OMeh 
--
42 II 0 
An interesting observation is the upfield shift of quaternary carbon 
C1; the resonance for this carbon appears downfield of other aromatic carbons in tertiary 
phosphines.94 The 3lp( 1H} NMR spectrum of 42 in CDC13 contains a sharp singlet at o 
18.88. The mass spectrum of the compound has a peak at mle 293.0 a.m.u., which 
corresponds to the [M+] ion. 
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The careful reduction of 42 with a mixture of LiAll--4 and Me3SiCl in 
tetrahydrofuran, followed by distillation of the product, gave 1,2-phenylene-
bis(phosphine), 44, as a colourless, pyrophoric liquid; bp 60 - 80 °c (0.4 mmHg). The 
1H NMR spectrum of the bis(primary phosphine) in CD2Cl2 contains a doublet of 
multiplets centred at o 4.04 (1Jp8 = 209.48 Hz) due to the P-H protons (Figure 9). The 
resonances ranging between o 7.18 - 7.60 were assigned to aromatic protons. The 
l3C{ 1H} NMR spectrum of 44 contains signals at o 135.13 (t, 1JPC = 4.01 Hz), 127.30 
(s), 135.75 (t, 1JPC = 8.0 Hz) which have been assigned to C1, C2, and C3, 
respectively, according to the numbering shown in the following diagram: 
H ........ ~H 
1 p"· 
• 
p 
/. 
H ,,,' 'H 
44 
The 31 P { 1 H} NMR spectrum of 44 in C@)6 contains a sharp singlet at 
o - 125.04, in agreement with the reported value.116 The gated 31 P NMR spectum of the 
°'-
44 in C~6 w,to,rn~J triplet of multiplets (1Jp8 = 209.48 Hz) as shown in Figure 10. 
3.3.2 Synthesis and Characterization of Precursor Complex 
Bis[ {1,2-Phenylenebis(phosphine)} ]copper(!) Trifluoro-
methanesulphonate 46 
The synthesis of the precursor complex 46 is outlined in Scheme XXVI. 
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Figure 9. 1H NMR spectrum of 44 in CD2Cl2 at 20 °C. 
l_ 
·-
- 68 -
I 
I 
llL ~ \..._ -- ~ J -. 
r I I l I I I I 1, I I I I I l I I I I l I I I I I 
- 130 - 1 ~ 
- 115 - 120 - 125 
- -
Figure 10. Gated 3l P NMR spectrum of 44 in c6n6 at 20 °C. 
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Scheme XXVI 
[Cu(NCMe)4]CF3S03.0.5H20 
45 
MeCN 
... 
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+ 
46 
2 1,2-C6H4 (PH2)2 
44 
The reaction of 2 equivalents of the bis(primary phosphine) 44 with 45 in 
acetonitrile produces 46 in 86% yield. The reasonably air-stable copper(n complex 
crystallizes from acetonitrile-diethyl ether as colourless needles. The 1 H NMR spectrum 
of the complex in CD2Cl2 at 20 °C contains broad multiplets at 8 6.24 (4 H) and 4.51 (4 
H) for the P-H protons and resonances ranging between 8 7.40 - 8.10 (m, 8 H) for the 
aromatic protons of the coordinated primary phosphine ligands (Figure 11 ). 
The 31 P ( 1 H} NMR spectrum of the complex in CD2Cl2 at 20 °c does not show 
phosphorus resonances due to a significant quadrupolar contribution to the copper(n 
relaxation; l06 the copper atom contains two NMR-sensitive (/ = 3/2) nuclei: 63Cu( 
abundance 69.09%, quadrupole moment 0.16 x 10-28 m2) and 65Cu (abundance 30.91 %, 
quadrupole moment 0.16 x 1 o-28 m2)_ l l 7 
3.3.3 Half Alkylation of Complex 46 and Liberation of 
1,2-Phenylenebis(methylphosphine) 47 
Although numerous resolutions of tertiary phosphines chiral at phosphorus have 
been described,92 the resolution of a free secondary phosphine chiral at phosphorus has 
yet to be reported. In order to investigate the stereoselectivity of the alkylation of the 
Figure 11. l H NMR spectrum of 46 in CD2CI2 at 20 °C 
-....) 
0 
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bis(primary phosphine) 44 on copper(!), the complex 46 was reacted with 4 equivalents 
tl,i, 
of methyl iodide m)Presence of 4 equivalents of KOBu-t in tetrahydrofuran at - 78 oC. 
The bis(secondary phosphine) was displaced from the intermediate co~plex by cyanide, 
according to Scheme xxvn. 
Scheme XXVII 
4Mel 
4 KOBu-t, -78 °C 
KCN 
H Me 
'./ p 
R'-....._. 
• 
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Me H 
+ 
Me~/H 
p 
~ s'-...... . 
. 
(R*, s*)-47 
The addition of KOBu-t to a solution of 46 in tetrahydrofuran at - 78 °c gave a 
brown colour due to the generation of phosphido-copper(I) intermediate; upon the additon 
of 4 equivalents of methyl iodide the colour of the solution faded, indicating that 
alkylation had taken place. After displacement from the metal 47 was characterized by the 
usual methcxis. The 1 H NMR spectrum of 47 in C~6 contained two doublets at 8 1.13 
(2JpH = 1.20 Hz) and 1.15 (2JpH = 1.80 Hz) due to the methyl protons of the R* ,R* and 
R* ,s• diastereomers. A pair of doublet of doublet were expected for the methyl protons 
due to 2JpH and 3JHH couplings, but only two doublets were observed because of 
exchange decoupling. The resonances centred at 8 3.70 (m, 2 H) and 4.70 (m, 2 H) were 
assigned to the P-H protons of the secondary phosphine diastereomers. A manifold of 
resonances between 8 7 .15 - 7 .55 were assigned to the aromatic protons. 
The 3 l P { 1 H} NMR spectrum of 47 in ~ 6 contained two singlets of equal 
intensity at 8 75.53 and 76.23 corresponding to (R* ,R*)- and (R* ,S*)-47. 116 Thus, half-
alkylation of 46 with methyl iodide is non-stereoselective. 
3.3.4 Complete Alkylation of Complex 46 and Liberation of 
1,2-Phenylenebis(dimethylphosphine) 48 
Under conditions similar to those described above, the complete alkylation of 46 
with methyl iodide gave the corresponding fully alkylated complex, which, upon 
decomposition with cyanide, yielded 1,2-bis(dimethylphosphine), 116 48, as an air-
sensitive, colourless liquid, bp 70 - 75 oC (0.3 mmHg) (Scheme XXVIIl). 
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Scheme XXVIII 
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The 1 H NMR spectrum of 48 in COC13 contains a deceptive triplet at o 1.20 
(12 H, 2JpH = 4.38 Hz) arising from virtual coupling through strong P-P' and P-H 
interactions, for the methyl protons. Such deceptive triplets for methyl protons have also 
been observed previously in similar systems. 92 A manifold of resonances between o 
7 .20 - 7 .60 (m, 4 H) have been assigned to the aromatic protons of the phosphine 
ligand. The 3lp{ 1H} NMR spectrum of 48 in CJ)6 exhibits a sharp singlet at o -55.5 
(lit. 116 o -55.3). The mass spectrum of 48 has a peak at mle 198.0 a.m.u. due to the 
[M+] ion. 
3.3.5 Cyclization of Complex 46 with Dibromo-1,3-propane 
and Liberation of Products 
Use of dibromo-1,3-propane as alkylating agent under conditions similar to those 
described for the permethylation of 46, followed by work-up of the phosphine products, 
resulted in the isolation of a pale yellow gum in 82% yield. The 3lp{ lH} NMR spectrum 
of the gum in CD2CI2 contained resonances at o - 22.06 (s), - 28.45 (s), - 43.77 (s), -
45.44 (s), - 46.14 (s), and - 48.38 (s). The mass spectrum of the crude product 
contained a peak at mle 443.0 a.m.u., which corresponds to the molecular ion of a fully 
cyclized macrocyclic tetra(tertiary phosphine) (a). Thus, the reaction could have 
proceeded along pathway (a) of Scheme XXIX, or along pathway (b) with dimeriz.ation 
of 1,2-phenylenebis(phosphetane) upon liberation from the metal. 
Scheme XXIX 
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-The various components of the mixture were separated into five fractions by high-
pressure liquid chromatography on a Merck "Lobar" column under an inert atmosphere 
with use of n-hexane-dichloromethane (65 : 35 v/v) as eluent. The isolation of the 
products and their structural assignments follow. 
3.3.5.1 (R* ,S*)-2,3,4,5-Tetrahydro-lH-1,5-benzodiphos-
phepin 49 (Fraction I) 
Fraction I, after the evaporation of the solvent, gave 49 as an air-sensitive, 
colourless liquid in ca. 12% yield. The 1H NMR spectrum of the compound in CD2Cl2 
contained doublet of multiplets centred at 8 4.60 (1JpH = 202.64 Hz) due to P-H protons 
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and broad multiplets between o 1.10 - 2.25 which integrated for six protons, consistent 
with a bridging propylene group. The manifold of resonances between o 7.10 - 7.40 (m, 
4 H) were assigned to the protons of the aromatic ring. The 31 P { 1 H} NMR spectrum of 
the compound in C~6 exhibited a sharp singlet at o -43.77, which lies within the 
secondary phosphine region.116 A gated 31 P NMR spectrum of the compound confirmed 
the presence of a secondary phosphine (1Jp8 = 202.64 Hz). The mass spectrum of the 
compound contained a peak at mle 182.0 a.m.u., which corresponds to the [M+] ion of 
49. On the basis of the above results, structure 49 has been assigned to this product : 
49 
H , 
P-
R 
s 
P-
~H 
3.3.5.2 5,6, 7 ,8,9,14,15,16,17 ,18-Decahydrodibenzo[b,i] 
[1,4,8,l l]tetraphosphacyclotetradecin 50 (Fraction II) 
Fraction Il, on drying over MgSO4 followed by work-up, gave a colourless 
air-sensitive liquid in low yield ( ca. 4% ). The 1 H NMR spectrum of the liquid in CD2Cl2 
contained resonances at o 4.10 (d of m, 4 H, 1Jp8 = 209.40 Hz) due to PH , o 1.50 -
2.62 (m, 12 H) due to aliphatic methylene protons, and o 7.25 (m, 4 H) due to aromatic 
protons. The 3 l P NMR { 1 H} NMR spectrum of the compound in C~6 exhibited a sharp 
singlet in the secondary phosphine region at o -48.38. The gated 3 l P NMR spectrum 
confirmed the presence of a secondary phosphine (1Jp8 = 209.4 0 Hz). The mass 
spectrum of the compound contained a peak at mle 363.1 a.m.u., suggesting a dimer of 
49. On the basis of the above data, the following structure 50 has been proposed: 
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Tetra(secondary phosphine) 50 can exists in five diastereomeric forms [(R* ,s*, 
R* ,S*), (R* ,S* ,S* ,R*), (R* ,R* ,S* ,S*), (R* ,R* ,R* ,R* ), and (R* ,R* ,R* ,S*)] due to the 
pyramidal stability of the four chiral phosphorus stereocentres present. However, only 
one of the five diastereomers of 50 was observed by 3lp( 1H} NMR spectroscopy; it was 
not possible, however, to assign a structure to the diastereomer on the basis of the NMR 
data. 
3.3.5.3 (R • ,S*)-2,3,4,5-Tetrahydro-1,5-bis{prop-1-enyl)-lH -
1,5-benzodiphosphepin 51 {Fraction III) 
Fraction III, after evaporation of solvents, gave a colourless, crystalline solid, mp 
110 °C in ca. 18% yield. The 1H NMR spectrum of the compound in CD2Cl2 at 20 oC 
contained resonances between 6 0.95 - 2.60 (m, 12 H) and 6 7.10 - 7.45 (m, 4 H) due to 
aliphatic and aromatic protons, respectively. A doublet at 6 1.96 (3JHH = 3.0 Hz) 
indicated the presence of methyl protons. However, a multiplet between 6 6.10 - 6.50 
was also observed, which suggested the presence of olefinic protons (Figure 12). The 
3 l P { 1 H} NMR spectrum of the compound in CD2Cl2 contained a sharp singlet at 
6 - 22.06 in the tertiary phosphine region, and, in the mass spectrum, a peak at mle 
262.1 a.m.u. was observed (Figure 13). Based upon these data structure 51 has been 
tentatively assigned to this product. ~ bt:tse. ~a.Jc. ct,f- I~/. D a. tn. -"41. 
Corr~,p,nu,(s -lo -l~e b,½Jd«i .Wrt,- [1, 2- ~ /.l4 ( Pc;~~ P)HJ: 
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Figure 12. 1 H N:MR spectrum of 51 in CD2Cl2 at 20 °C 
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Because of the uncertainity of the nature of 51, the nickel(m perchlorate 
derivative was prepared and subjected to a s,,t tt. c:1-c, "e d e.+errr,in4..f 1bn. 
3.3.5.4 Synthesis and X-ray Crystal Structure Analysis of 
[Ni(Sl)2](Cl04)2·CH2Cl2 52 
Complexation of 51 (Fraction III) with Ni[(H2O)6](ClO4)2 in acetone gave a 
deep red solution from which yellow crystals of 52 were isolated after the crude product 
had been recrystallized from dichloromethane-diethyl ether mixture. 
The 1 H NMR spectrum of 52 was very similar to that of the free ligand 51 
except for small downfield shifts of some of the resonances. The 3 IP { 1 H} NMR 
spectrum of 52 at 20 oC in CD2Cl2 contained two sharp singlets at o + 30.44 and 
+ 28.79 ( Figure 14), instead of the expected singlet of a single diastereomer. In order to 
confirm the identity of the complex 52, and to explain the presence of two sharp singlets 
in the 31P{ 1H} NMR spectrum, a single crystal X-ray analysis of the yellow crystals of 
52 was carried out The molecular structure was determined by Dr A. C. Willis of the 
Research School of Chemistry. An ORTEP diagram of 52 is shown in Figure 15, and 
selected interatomic bond lengths and bond angles are listed in Table IV and Table V, 
respectively. The X-ray analysis revealed that complex 52 contained the R* ,s• form of 
the ligand 51 coordinated to square-planar nickel(II) in an anti arrangement. 
40 
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Figure 14. 31 P { l H} NMR spectrum of 52 in CD2Cl2 at 20 °C. 
0 
- 82 -
C22 
C3 C33 
Figure 15. ORTEP diagram of the cation of 52 showing the labelling scheme for 
the non-hydrogen atoms. 
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Table IV. Bond Lengths (A) for the complex 52 with Estimated Standard Deviations 
in Parentheses 
Ni-P(l) 
P(l)-C(l) 
P(l)-C(31) 
P(2)-C(21) 
C(l)-C(2) 
C(l l)-C(12) 
C(21)-C(22) 
C(31)-C(32) 
C(32)-C(33) 
C(34 )-C(35) 
Cl(l)-O(1) 
Cl(l)-O(3) 
C(50)-Cl(5) 
C(50)-Cl(6B) 
2.1921(10) 
1.826(5) 
1.810(6) 
1.795(4) 
1.541(8) 
1.300(6) 
1.295(6) 
1.386(5) 
1.380(8) 
1.365(8) 
1.398(7) 
1.421(7) 
1.763(8) 
1.63(2) 
Ni-P(2) 
P(l)-C(l 1) 
P(2)-C(3) 
P(2)-C(32) 
C(2)-C(3) 
C(l2)-C(13) 
C(22)-C(23) 
C(3 l )-C(36) 
C(33)-C(34) 
C(35)-C(36) 
Cl(l)-O(2) 
Cl(l)-O(4) 
C(50)-Cl(6A) 
2.2025(11) 
1.788(4) 
1.825(5) 
1.816(5) 
1.522(8) 
1.486(7) 
1.498(7) 
1.386(8) 
1.384(8) 
1.387( 10) 
1.388(4) 
1.355(6) 
1.83(2) 
Table V. Bond Angles (0 ) for the complex 52 with Estimated Standard Deviation in 
Parentheses 
P(l)-Ni-P(2) 81.05(4) P(l)-Ni-P(l)' 180.0 
P(l)-Ni-P(2)' 98.95(4) P(2)-Ni-P(2)' 180.0 
Ni-P(l)-C(l) 106.1(2) Ni-P(l)-C(l 1) 125.69(13) 
Ni-P(l)-C(3 l) 103.79(11) C(l)-P(l)-C(l 1) 109.1 (2) 
C(l)-P(l)-C(31) 104.4(2) C(l 1)-P(l )-C(3 l) 105.8(2) 
Ni-P(2)-C(3) 106.8(2) Ni-P(2)-C(21) 123.59(13) 
Ni-P(2)-C(32) 104.49(13) C(3)-P(2)-C(2 l) 110.4(2) 
C(3)-P(2)-C(32) 105.2(2) C(2 l )-P(2 )-C(3 2) 104.8(2) 
P( 1 )-C( 1 )-C(2) 113.3(3) C(l)-C(2)-C(3) 118.9(7) 
P(2)-C(3)-C(2) 111.2(3) P(l)-C(l 1)-C(12) 126.0(4) 
C(l 1)-C(12)-C(13) 125.1(5) P(2)-C(21 )-C(22) 124.9(4) 
C(2 l )-C(22)-C(23) 124.6(5) P(l )-C(3 l )-C(32) 113.6(4) 
P(l)-C(3 l)-C(36) 126.0(3) C(32)-C(31 )-C(36) 120.2(5) 
P(2)-C(32)-C(3 l) 114.1(4) P(2)-C(32)-C(33) 125.4(3) 
C(3 l)-C(32)-C(33) 120.5(4) C(32)-C(33)-C(34) 118.8(4) 
C(33)-C(34)-C(35) 120.8(6) C(34 )-C(35)-C(36) 120.8(6) 
C(31 )-C(36)-C(35) 118.6( 4) O(1)-Cl(l)-O(2) 111.7(4) 
O(l)-Cl(l)-O(3) 109.7(4) 0( 1 )-Cl( 1 )-0( 4) 111.7(5) 
O(2)-Cl(l)-O(3) 104.8(4) O(2)-Cl(l)-O(4) 108.7(4) 
O(3)-Cl(l)-O(4) 110.0(5) Cl( 5)-C( 50)-Cl( 6A) 93.4(7) 
Cl( 5)-C( 50)-Cl( 6B) 117 .4(8) 
below: 
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Complex 52 can exist in solution as two diastereomers (syn and anti) as shown 
) 
) 
-• 
• 
• 
-
• . 
• 
• 
• ) 
syn 
anti 
I 
~ 
. 
. 
. 
In square-planar complexes of this type, the rate of interconversion between the 
diastereomers is usually slow enough to be observed on the NMR time scale; in five-
coordinate square-pyramidal complexes, however, this process is very fast and averaged 
spectra are observed. 118 The latter argument is supported by the observation that the 3 l P 
{ 1 H} NMR spectrum of 52 at 20 °C in the presence of chloride in CD2CI2, or in CD3CN 
alone, consists of a singlet suggesting stereochemically non-rigid five-coordinate adducts. 
I -
i 
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3.3.5.5 (R • ,S*)-2,3,4,5-Tetrahydro-1,5-bis(pro-2-enyl)-lH -
1,5-benzodiphosphepin 53 (Fraction IV) 
Fraction IV, after removal of solvents, gave a colourless, crystalline soli~ mp 
106 °C in ca. 4% yield. The 1 H NMR spectrum of the compound contained resonances 
due to olefinic protons at o 6.05 (m, 2 H), terminal methylene protons at o 5.25 (m, 4 
H), and aromatic protons at o 7.33 (m, 4 H). The remainder of the spectrum was similar 
to that of 51 except the absence of methyl protons. The 3lp( lH) NMR spectrum of the 
compound contained a sharp singlet at o -28.45, typical of a tertiary phosphine. The 
mass spectrum of the compound contained a peak at mle 262.1 a.m.u., consistent with 
structure 53: 
~ 
P-
53P~ 
It appears that, during the alkylation process, KOBu-t first deprotonates the 
coordinated primary phosphine generating a terminal secondary phosphido-copper(I) 
intermediate that reacts with 2 equivalents of dibromo-1,3-propane to generate 1,2-
C~ {PH(CH2-CH=CHi) }2 after the elimination of HBr. 119 This bis(secondary 
phosphine), in the presence of KOBu-t, reacts with an additional equivalent of 
dibromo-1,3-propane to give 53. The latter step must occur when the intermediate 
bis(secondary phosphine) is dissociated from the metal, since the stereochemistry of the 
coordinated ligand is unsuitable for intramolecular cyclization. In the presence of a trace 
of base 53 could isomerize into 51, as represented diagramatically in Scheme XXX. This 
type of isomerization has been reported for other tertiary phosphines similar to 53. 120 
Scheme XXX 
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3.3.5.6 Attempted Synthesis and Identification of 7,8,16,17-
Tetrahydro-6H ,lSH-5,14:9,18-dipropanodibenzo[b,i]-
[l,4,8,ll]tetraphosphacyclotetradecin 54a and 54b 
After removal of Fractions I - IV the column was washed with dichloromethane 
and Fraction V was collected. The evaporation of the dichloromethane from the eluate 
gave a colourless powder in ca. 9% yield with properties consistent with those of an 
equimolar mixture of the macrocyclic tetra(tertiary phosphines) 54a and 54b. 
fl ~ p p 
p p 
u V 
54a 54b 
The 1 H NMR spectrum of the mixture in CD2Cl2 contains resonances between o 
0.95 - 2.65 (m, 24 H) and 7 .20 - 7.60 (m, 8 H) due to methylene and aromatic protons, 
respectively. The 3lp( 1H} NMR spectrum of the mixture at 20 °C in CD2Cl2 contains 
two peaks of almost equal intensity at O - 45.44 and - 46.14 (Figure 16) due to two 
diastereomers. The mass spectrum of the mixture (Figure 17) contains a peak at mle 443.0 
a.m.u., which corresponds to the molecular ions [M+] of the macrocycles. 
The o 3 l P values for the macrocycles are somewhat upfield of those expected 
for normal tertiary phosphines and fall more or less in the secondary phosphine region, 
but the gated 3 l P NMR spectrum of the mixture confirms the presence of tertiary 
phosphines ( that is, 1JpH not observed). It is known that cyclic tertiary phosphines, 
particularly those having cage structures, give rise to 3Ip NMR resonances upfield of 
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Figure 16. 3lp(1H} NMR spectrum of two diastereomers of 54 in CD2Cl2 at 
20 °C. 8 3lp = - 45.44, - 46.14. 
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those found for acyclic tertiary phosphines. For example, the cage depicted below has a 
31 P NMR resonance at o -100.00. 86 
•• 
Thus, the o values of - 45.44 and - 46.14 are reasonable for the macrocyclic 
structures 54a and 54b. To-date, however, we have not been able to separate or to grow 
suitable crystals of the macrocycles, or one of their complexes, for X-ray analysis. 
3.3.6 Reaction of Complex 46 with Dibromo-1,4-butane and 
Liberation of 1,2-Phenylenebis(phospholane) 55 
The reaction of the copper complex 46 with 4 equivalents of dibromo-1,4-butane in 
the presence of 8 equivalents of KOBu-t in tetrahydrofuran at 20 oC gave a complex 
which, after decomposition with potassium cyanide, gave 1,2-phenylenebis-
(phospholane), 55, as an air-sensitive liquid: bp 150 -155 °c (0.04 mmHg) (Scheme 
XXXI). 
Scheme XXXI 
n 
Br Br 
8 KOBu-t 
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The 1 H NMR spectrum of the bis(phospholane) 55 in CD2Cl2 contains 
resonances at 8 1.65 (m, 8 H) and 1.95 (m, 8 H) due to the methylene protons of the 
phospholane ring, and at 8 7.10 - 7.40 (m, 4 H) due to the aromatic protons. The 3lp 
{ 1H} NMR spectrum of 55 at 20 °c in CD2Cl2 shows a sharp singlet at 8 - 24.12. The 
reported 8 3lp value for 1-phenylphospholane is - 15.3.95 The mass spectrum of the 
bis(phospholane) 55 contains a peak at mle 249.1 a.m.u.(Figure 18), which corresponds 
to the molecular ion [M+]. However, 55 can exist in the isomeric forms (A) or (B) as 
shown below: 
0 p"· • 
• 
p 
/. 
0 
A B 
Isomer (B) was ruled out on the following grounds: (a), the 8 3 l P value lies 
within the phospholane region; (b ), CPK models suggest that isomer B could not be 
formed from the coordinated bis(primary phosphine); and (c), upon reaction of 55 with 
[Ni(H2O)61Cl2 a red colour developed, characterstic of complexes of the type 
[NiCl(diphos)i]Cl. (Isomer B cannot act as a chelating bidentate . ) 
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3.3.7 Reaction of Complex 46 with Dibromo-1,5-pentane and 
Liberation of 1,2-Phenylenebis(phosphorinane) 56 
The reaction of the precursor complex 46 with dibromo-1,5-pentane in the 
presence of base yielded 1,2-phenylenebis(phosphorinane), 56, as a viscous oil that was 
purified by radial chromatography with dichloromethane-n-hexane (80: 20) as eluent. 
After evaporation of the solvent from the eluate, 56 was obtained in 23% yield as a 
colourless viscous liquid, bp 165 - 170 °c (0.04 mmHg). The loss during 
chromatography was ca. 60%. This type of loss during chromatographic purification of 
cyclic phosphines has also been observed by other workers. 55 
The 1H NMR spectrum of 75 in CD2Cl2 contained resonances at 6 1.25 (m, 
4 H), 1.38 (m, 8 H), and 2.05 (m, 8 H) due to the methylene protons, and, at 6 7.15 -
7.55 (m, 4 H) resonances due to the aromatic protons. The ratio of aliphatic to aromatic 
protons is 5: 1, which agrees with the structure proposed. The 3 IP { I H} NMR spectrum 
of 56 in CD2Cl2 at 20 oC shows a sharp singlet at 6 - 43.43. The reported 6 3 l P value 
for 1-phenylphosphorinane is - 35.3.96 The mass spectrum of the bis(phosphorinane) 56 
contains a peak at mle 278.2 a.m.u.(Figure 19), which corresponds to the molecular ion 
[M+]. As for the bis(phospholane) 55, two isomers of 56 are possible, but, on the basis 
of ar~ents similar to those presented for 55, the product has been assigned the 
bis(phosphorinane) structure 56. 
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3.4 Conclusion 
Template reactions of a bis(primary phosphine )copper(I) complex with various 
terminal dihaloalkanes have been investigated. Eight new secondary and tertiary 
phosphines have been isolated and characterized. One of the cyclic bis( tertiary 
phosphines) has been characterized by a single-crystal X-ray analysis of its nickel(II) 
perchlorate derivative. An attempt to isolate macrocyclic tetra(tertiary phosphines) on 
copper(D met with limited success, but the alkylation of the coordinated 1,2-phenylene-
bis(phosphine) with terminal dihaloalkanes appears to provide a good route to the 
synthesis of cyclic tertiary phosphines. 
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3.5 Experimental 
The instrumental and experimental methods employed in this work were similar 
to those described in Section 2.6. 1 H and 31 P { 1 H} NMR spectra were recorded in 
CD2Cl2 unless stated otherwise and referenced internally using the residual protio solvent 
resonances (1H) relative to SiMe4 (o = 0.0 ppm); or externally (31P) using 85% H3PO4. 
The X-ray diffraction data were collected on a Philips PW 1100/20 diffractrometer 
equipped with MoKa graphite monochromator by Dr A. C. Willis of the Research 
School of Chemistry and the molecular structure was determined by him. HPLC was 
carried out on a DURAMA T 76 Pump equipped with a UV detector and a "Lobar" 
Column (Merck, Art 1041). Silica gel 60 (Merck 9385) was used throughout for the 
chromotographic separations. Mass spectra were recorded with a VG Micromass 7070F 
(70 e V) instrument unless otherwise stated. 
The primary phosphine 1,2-CJ-4(PH2)2 was synthesised by a slight modification 
of the literature procedure. 116 [Cu(MeCN)4]CF3so3 0.5H2O was prepared by a method 
similar to the one described for the preparation of the corresponding hexafluorophosphate 
salt.121 
1,2-Phenylenebis(dimethylphosphonate) ( 42) 
.A solution of trimethylphosphite (188.6 g, 1.52 mmol) and 1,2-dichlorobenzene 
(73.5 g, 0.50 mmol) was photolysed at 80 °c for 5 days with an Hanovia 450 W 
irradiation lamp (A= 254 run). The immersion well was cleaned thoroughly each day. 
The mixture was concentrated by distillation under vacuum (0.1 mmHg, 100 oC) and the 
distillate was kept for recycling. The brown residue on recrystallization from acetone at -
20 oC gave the colourless crystalline product; mp 79 - 80 °c ( lit 116 mp 79 - 81 oC), 
yield 66.4 g (45%). Anal. Calcd for C1oH16O6P2: C, 40.8; H, 5.5; P, 21.1. Found: C, 
40.6; H, 5.6; P, 20.9. 1H NMR (XL-200, CDCl3): o 3.78 [ d, 12 H, 3JPH = 10.55 Hz, 
P(OMe)2], 7.60 - 8.20 (m, 4 H, aromatics). 13C{ lH} NMR (XL-200, CDC13): o 58.08 
(t, 2JPC, = 3.0 Hz, OCH3), 128.46 (d, lJPC, = 10.4 Hz, C 1 ), 131.86 (t, 2JPC, = 5.4 Hz, 
.. 
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C2), 135.52 (t, 3JPC = 11.5 Hz, C3). 3lp{lH} NMR (CXP-200, CDC13): 8 18.88 (s). 
Mass spectrum: mle 293.0 [M+]. 
1,2-Phenylenebis(phosphine) ( 44) 
A suspension of LiAII-4 (15.8 g, 0.42 mmol) in tetrahydrofuran (400 mL) was 
cooled to - 78 oC and treated cautiously with Me3SiCl (46.2 g, 0.43 mmol) with stirring. 
The mixture was allowed to wann to 20 oC and stirred for 3 h at this temperature, then it 
was re-cooled to - 78 °c and a solution of 1,2-phenylenebis(dimethylphosphonate) 42 
(20.1 g, 68.3 mmol) in tetrahydrofuran (250 mL) was added dropwise over a period of 
2.5 h. The mixture was slowly allowed to wann to 20 °c and then stirring was continued 
for 48 h. The reaction mixture was cooled to - 10 °c (ice-ethanol bath) and carefully 
treated with degassed water (10 mL) followed by an aqueous 15% solution of NaOH 
(100 mL) until the reaction mixture had decolourised. Filtration of the mixture, followed 
by removal of the solvent, gave the product as a pyrophoric liquid Deoxygenated 
benzene (100 mL) was added to the crude product, and the water was removed by 
azeotropic distillation. Evaporation of the solvent from the dried solution gave a 
colourless residual liquid that, when distilled under reduced pressure, afforded the pure 
bis(primary phosphine) as a colourless, highly air-sensitive liquid: bp 60 - 80 °c (0.05 
mmHg) (Iit.116 53 - 55 oC, 0.25 mmHg), yield 6.21 g (64%). lH NMR (Gemini-300, 
CD2Cl2): 8 4.04 (d ofm, 4 H, 1JpH = 209.48 Hz, PH2), 7.18 - 7. 42 (m, 4 H, 
aromatics). l3C{ lH} NMR (XL-200, CD2Cl2): 8 128.73 (s, C2) 135.13 (t, 1JPC = 4.01 
Hz, C1), 135.75 (t, 3JPC = 8.0 Hz, C3). 3lp{ lH} NMR (XL-200, C~6): 8 - 125.04 
(s). 
Tetrakis(acetonitrile)copper(I) Trifluoromethane-
sulphonate Hemihydrate ( 45) 
Triflic acid CF3SO3H (6.2 mL) was added dropwise to a suspension of Cu2O (5 
g, 0.04 mmol) in acetonitrile (175 mL). After 1 h the pale solution was filtered to remove 
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traces of solid, and then the filtrate was concentrated to ca. 35 mL. The addition of 
diethyl ether to the concentrated solution caused the crystallization of the colourless 
product, which was filtered off, washed with diethyl ether, and dried: mp 90 - 91 °c, 
yield 26.0 g (99%). 1H NMR: o 2.19 (s, 12 H, MeCN). Anal. Calcd for 
C9H13CuF3N403_5S: C, 28.0; H, 3.4; N, 14.5. Found: C, 27.8; H, 3.2; N, 14.3. 
Bis[ {1,2-phenylenebis(phosphine)} ]copper(!) Trifluoro-
methanesulphonate ( 46) 
1, 2-Phenylenebis(phosphine) (1.55 g, 10.9 mmol) was added to a solution of 
[Cu(MeCN)4]CF3S03 (2.08 g, 5.5 mmol) in acetonitrile (100 mL). The reaction mixture was 
stirred at 20 °c for ca. 2 h to give a clear solution. The solution was concentrated to ca. 50 
mL and diethyl ether (100 mL) was added slowly to give colourless needles of the pure 
product, which were filtered off, washed with diethyl ether, and dried: mp 196 oC, yield 
2.36 g (86%). Anal. Calcd for C13H16CuF303P4S: C, 31.4; H, 3.2; P, 24.9. Found: C, 
31.2: H, 3.23; P, 24.8. 1H NMR (XL-200, CD2Cl2): o 4.51 (br m, 4 H, PH2), 6.24 (br m, 
4 H, PH2), 7.40 - 8.10 (m, 8 H, aromatics) 
(R* ,R*)- and (R*,S*)-1,2-Phenylenebis(methylphosphine) 
( 47) · 
Complex 46 (1.80 g, 3.6 mmol) in tetrahydrofuran (250 mL) was treated with 
-
KOBu-t (1.62 g, 14.4 mrnol) and methyl iodide at - 78 °c. The initial brown colour of the 
mixture disappeared after several minutes stirring. The solvent was removed under vacuum 
and the yellow residue was extracted with dichloromethane (3 x 100 mL). A saturated 
solution of KCN (8 gin 120 ml water) was added to the combined organic layer and the 
mixture was stirred for 12 h. The dichloromethane layer was separated, dried over MgS04, 
filtered, and the solvent was evaporated off to give a slightly turbid liquid that, when distilled 
under reduced pressure, gave the bis(secondary phosphine) 47 as a mixture of the two 
diastereomers as a colourless, air-sensitive, liquid: bp 65 - 70 °c (0.2 - 0.3 mmHg). 1H 
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NMR (FX-200, CD2Cl2): 8 1.15 [d, 3 H, 2JpH = 1.20 Hz, PMe (R* ,R*)],, 1.25 [d, 3 H, 
2JpH = 1.80 Hz, PMe (R* ,S*)], 3.70 [d of m, 1 H, PH), 4.70 (d of m, 1 H, PH), 8 7.15 -
7.55 (m, 4 H, aromatics). 31P{ lH) NMR (CXP-200, CD2Cl2): 8 - 75.53(s), - 76.23(s). 
Mass spectrum: mle 169.1 [M+]. 
1,2-Phenylenebis( dimethylphosphine) ( 48) 
Complex 46 (2.15 g, 4.3 mmol) in tetrahydrofuran (500 mL) was treated with 
KOBu-t (3.90 g, 34.8 mmol) and methyl iodide (2.5 ml, 40.2 mmol) at 20 °c to give a 
colourless solution. The usual work-up and decomposition of the product with excess 
potassium cyanide gave the fully methylated phosphine as a colourless, air-sensitive liquid: 
bp 70- 75 °c (0.30 mmHg) (Iit.116139-141 °c, 0.4-0.5 mmHg), yield 1.23 g (72%). lH 
NMR (FX-200, CD2Cl2): 8 1.20 (t, 12 H, 12JpH + 5JpHI = 4.38 Hz, PMe), 8 7.20 - 7.60 
(m, 4 H, aromatics). 3lp{ 1H) NMR (CXP-200, CD2Cl2): 8 - 55.50 (s). Mass spectrum: 
mle 198.0[M+]. 
Reaction of Primary Phosphine Complex 46 with Dihalo-
alkanes 
(a), Dibromo-1,3-propane: 
Dibromo-1,3-propane (4.12 g, 20.4 mmol) was added to a solution of 46 (2.53 g, 
5.1 mmol) in tetrahydrofuran (800 mL) at 20 °c and KOBu-t (4.58 g, 40.8 mmol) was then 
added. After stirring for 60 h, the solvent was removed from the reaction mixture. The 
residue was dissolved in dichloromethane (250 mL) and filtered. A concentrated solution of 
KCN (excess) was then added to the filtrate and the mixture was stirred for 24 h. After the 
usual work-up and removal of solvent, a pale yellow gum was obtained: yield 1.85 g (82%). 
31P{ 1H) NMR (CXP-200, CD2Cl2): 8 - 22.06 (s), - 28.45 (s), - 43.77 (s), - 45.44 (s), -
46.14 (s), - 48.38 (s). Mass spectrum: mle 443.0 [M+]. The mixture of products was 
separated by HPLC and the following products isolated: 
l -
I 
.. 
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(R * ,S*)-2,3,4,5-Tetrahydro-lH-1,5-benzodipbosphepin ( 49) 
The crude product (1.85 g) was loaded onto a column in ca 4 mL CH2Cl2 and 
dichloromethane: n-hexane (35: 65) was used as eluent to give five fractions. Removal of 
solvents from Fraction I, gave a colourless, air-sensitive liquid: yield 0.215 g (12%) (based 
upon the total amount of mixture injected). 1H NMR (FX-200, CD2Cl2): 8 1.10 - 2.25 (m, 6 
H, -PCH2CH2CH2P-), 4.60 (d of m, 2 H, 1JpH = 202.64 Hz, PH), 7.10 - 7.40 (m, 4 H, 
aromatics). 3lp{ lH} NMR (CXP-200, C~~: 8 - 43.77 (s). Mass spectrum: mle 182.0 
[M+]. 
5,6, 7 ,8,9, 14, 15, 16, 17, 18-Decahydrodi benzo [b,i ] [1,4,8, 11 ]-
tetraphosphacyclotetradecin (50) 
Removal of solvent from Fraction II afforded a colourless, air-sensitive liquid,: yield 
0.70 mg (4%). 1H NMR (FX-200, CD2Cl2): 8 1.50 - 2.62 (m, 12 H, PCH2CH2CH2P), 
4.10 (d of m, 4 H, lJpH= 209.40 Hz, PH). 3lp{lH} NMR (CPX-200, CD2CI2): 8- 48.38 
(s). Mass spectrum: mle 363.1 [M+]. 
(R • ,S*)-2,3,4,5-Tetrahydro-1,5-bis(prop-1-enyl)-lH -1,5-
benzodiphosphepin (51) 
Evaporation of solvent from Fraction III gave a colourless, crystalline solid: mp 110 
oC, yield 0.34 g (18%). Anal. Calcd for c15H2oP2: C, 68.7; H, 7.7; P, 23.6. Found: C, 
68.3; H, 8.0; P, 23.2. 1H NMR (VXR-300, CD2Cl2): 8 0.95 - 2.60 (m, 12 H), 1.96 (d, 6 
H, 3JHH = 3.0 Hz, CH=CH-CH3), 6.10 - 6.50 (m, 4 H, CH= CH), 7.10 -7.45 (m, 4 H, 
aromatics). 31P{ 1H} NMR (CXP-200, CD2Cl2): 8- 22.06 (s). Mass spectrum: mle 262.1 
[M+] . 
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Bis[2,3,4,5-Tetrahydro-1,5-bis(prop-1-enyl)-1H-1,5-
benzodiphosphepin]nickle(II) Perchlorate Monodichloromethane 
Solvate [Ni(Sl)2](CI04)2·CH2Cl2 (52) 
Bis(tertiary phosphine) 51 (0.22 g, 8.37 rnmol) was dissolved in dichloromethane (2 
mL) and the solution was added dropwise to a solution of [Ni(H2O)~(ClO4)2 (0.15 g, 4.10 
mmol) in acetone (5 mL). The red solution was stirred for 1 hand the solvent was evaporated 
off to give a dark brown solid. This was dissolved in dichloromethane (25 mL), the solution 
was filtered, and the filtrate was concentrated to ca. 2.5 mL. The addition of diethyl ether to 
the concentrated solution caused the crystallization of the orange product, which was filtered 
off, washed with diethyl ether, and dried: yield 0.27 g (77% ). Anal. Calcd for 
C31 H42Cl4OgNiP 4: C, 42.1; H, 5.0; Cl, 16.6; P, 14.5. Found: C, 42.4, H, 4.8; Cl, 16.1; P, 
14.1. 1H NMR (CXP-200, CD2Cl2): 1.40 - 2.50 (m, 12 H,), 6.00 - 6.35 (m, 4 H, 
CH=CH), 7.16 (m, 4 H, aromatics). 31P{ 1H} NMR (VXR-300, CD2Cl2): o 30.44 (s), 
28.79 (s). 
(R • ,S*)-2,3,4,S-Tetrahydro-l,S-bis(prop-2-enyl)-lH -1,S-
benzodiphosphepin (53) 
Removal of solvent from fraction IV, gave the title compound as a colourless, air-
stable, solid: mp 106 °c, yield 0.080 g (4%). lH NMR (VXR-300: CD2Cl2): 0.70 - 2.95 
(m, 10 H, CH2), 5.25 (m, 4 H, -CH=CH2), 6.05 (m, 2 H, CH=CH2), 7.33 (m, 4 H, 
aromatics). 3lp( 1H} NMR (CXP-200, CD2Cl2): o -28.45 (s). Mass spectrum: mle 262.1 
-[M +]. 
7,8,16,17-Tetrahydro-6H ,lSH-5,14:9,18-dipropanodibenzo-
[ b, i] [ 1,4,8, 11] tetraphosphacy clotetradecin ( S 4a/ 54b) 
After collecting Fractions I -IV, the column was washed with neat dichloromethane. 
Fraction (V) was collected as a relatively broad band. Removal of solvent from this fraction 
afforded the mixture of tetra(tertiary phosphines) as a colourless, air-stable, solid: yield 0.175 
g (9%). 1H NMR (FX-200, CD2Cl2): 0.95 - 2.65 (m, 24 H, -CH2), 7.20 - 7.60 (m, 4 H, 
,-
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aromatics). 3lp( 1H) NMR (CXP-200, CD2Cl2): 6- 45.44 (s), - 46.14 (s). Mass spectrum: 
mle 443.0 [M-+j. 
Components (I - V) constitute ca.48% of the original mixture loaded onto the column. 
A final washing of the column with methanol-dichloromethane (20 : 80) gave a small 
quantity of 54a/54b, together with traces of other materials that could not be identified. 
(b) Dibromo-1,4-butane: 
1,2-Pheny lene bis(phospholane) ( 55) 
Complex 46 (2.45 g, 4.9 mmol) in tetrahydrofuran (750 mL) was treated with 
KOBu-t ( 4.50 g, 40.1 mmol) and dibromo-1,4-butane ( 4.32 g, 20.0 mmol) at 20 oC and the 
reaction mixture was stirred for 48 h to give a pale yellow solution. Decomposition of the 
reaction products with excess potassium cyanide and the usual work-up gave a highly 
viscous liquid: yield 1.69 g (69%). After purification of the crude product by radial 
chromatography, 1,2-phenylenebis(phospholane) was isolated as colourless, air-sensitive, 
liquid: bp 150 -155 oC (0.04 mmHg) (Kugelrohr). 1H NMR (XL-200, CD2Cl2): o 1.65 (m, 
8 H, CH2), 2.00 (m, 8 H, CH2), 7.10 - 7.40 (m, 4 H, aromatics). 31p( lH) NMR (XL-
200, CD2Cl2): o -24.12 (s). Mass spectrum mle 249.1 [M+ ]. 
(c) Dibromo-1,5-pentane: 
1,2-Pheny lenebis(phosphorinane) ( 56) 
Complex 46 ( 1.23 g, 2.5 mmol) in tetrahydrofuran (500 mL) was treated with 
KOBu-t (2.32 g, 20.6 mmol) followed by dibromo-1,5-pentane (2.32 g, 10.1 mmol) at 20 
0 c. After stirring for 48 h, an almost colourless solution was obtained. Decomposition of the 
intermediate complex with cyanide and the usual work-up, followed by purification of the 
crude product on a column of silica with dichloromethane-n-hexane (95 : 5) as eluent, 
afforded the air-sensitive product as a colorless liquid: bp 165 - 170 °C (0.04 mmHg) 
(kugelrohr), yield 0.32 g (23%). 1H NMR (VXR-300, CD2Cl2): o 1.25 (m, 4 H, CH2), 
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1.38 (m, 8 H, CH2), 2.05 (m, 8 H, CH2), 7.15 - 7.55 (m, 4 H, aromatics). 3lp( lH} NMR 
(VXR-300, CD2Cl2): 6 - 43.43 (s). Mass spectrum: mle 278.2 [M+] . 
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